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(54) Color filter manufacturing method and apparatus, ink-jet device, color filter, display device, 
and apparatus having display device 

(57) A color filter manufacturing apparatus of this in- 
vention includes a plurality of ink-jet heads (1 20a, 120b, 
120c) each having a first ink discharging nozzle group 
(108) in which the pitch of a plurality of ink discharging 
nozzles in the Y-axis direction is set to be equal to the 
pitch of pixels of the same color in the Y-axis direction, 
and a second ink discharging nozzle group having a 
nozzle pitch set to be equal to the pixel pitch in the Y- 
axis direction like the first ink discharging nozzle group. 
Control of an ink discharging operation is performed for 
only one of the first and second ink discharging nozzle 
groups which is to be used to color pixels of correspond- 
ing colors on a substrate (1). 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a color filter method 
and apparatus tor manufacturing a color filter by forming 
a large number of pixels colored in a plurality of kinds of 
colors on a transparent substrate, an ink-jet device, a 
color filter, a display device, and an apparatus having 
the display device. 

DESCRIPTION OF THE RELATED ART 

With recent advances in personal computers, espe- 
cially portable personal computers, the demand tends 
to arise for liquid crystal displays, especially color liquid 
crystal displays. However, in order to further popularize 
the use of liquid crystal displays, a reduction in cost must 
be achieved. Especially, it is required to reduce the cost 
of a color filter which occupies a large proportion of the 
total cost, various methods have been tried to satisfy 
the required characteristics of color filters while meeting 
the above requirements. However, any method capable 
of satisfying all the requirements has not been estab- 
lished. The respective methods will be described below. 

The first method is a dyeing method. In the dyeing 
method, a water-soluble polymer material as a dyeable 
material is applied to a glass substrate, and the coating 
is patterned into a desired shape by a photolithographic 
process. The obtained pattern is dipped in a dye bath to 
obtain a colored pattern. This process is repeated three 
times to form R, G, and B color filter layers. 

The second method is a pigment dispersion meth- 
od, which is currently replacing the dyeing method. In 
this method, a pigment-dispersed photosensitive resin 
layer is formed on a substrate and patterned into a sin- 
gle-color pattern. This process is repeated three times 
to obtain R, G, and B color filter layers. 

The third method is an electrodeposition method. In 
this method, a transparent electrode is patterned on a 
substrate, and the resultant structure is dipped in an 
electrodeposition coating fluid containing a pigment, a 
resin, an electrolyte, and the like to be colored in the first 
color by electrodeposition. This process is repeated 
three times to form R, G, and B coatings. Thereafter, the 
resin layers are thermoset to form colored layers. 

The fourth method is a print method. In this method, 
a pigment is dispersed in a thermosetting resin, and a 
print operation is performed three times to form R, G, 
and B coatings separately, and thermosetting the resins, 
thereby forming colored layers. In either of the above 
methods, a protective layer is generally formed on the 
colored layers. 

The point common to these methods is that the 
same process must be repeated three times to obtain 
layers colored in three colors, i.e., R, G, and B. This 



causes an increase in cost. In addition, as the number 
of processes increases, the yield decreases. In the elec- 
trodeposition method, limitations are imposed on pat- 
tern shapes which can be formed. For this reason, with 

5 the existing techniques, this method cannot be applied 
to a TFT type color liquid display. In the print method, a 
pattern with a fine pitch cannot be formed because of 
poor resolution and poor evenness. 

In order to eliminate these drawbacks, methods of 

io manufacturing color filters by an ink-jet system are dis- 
closed in Japanese Patent Laid-Open Nos. 59-75205, 
63-235901, 63-294503, and 1-217320. 

These references disclose, for example, a method 
of forming a color filter by an ink-jet method, in which a 

15 light-shielding film is formed on a transparent substrate 
to have opening portions with predetermined regularity, 
and an ink is discharged from an ink-jet head onto the 
opening portions to color the substrate. 

In general, it takes much time and cost to develop 

20 an ink-jet head. Even if a custom ink-jet head is devel- 
oped for a color filter manufacturing apparatus, since the 
production is smaller than that of ink-jet heads generally 
used for printers and the like, the cost of the custom ink- 
jet head is very high. As a result, the cost of the manu- 

25 facturing apparatus becomes high, and hence the cost 
of a color filter increases. 

Assume that ink-jet heads generally used for print- 
ers are applied to the manufacture of color filters. The 
resolution of most of the existing printer ink-jet heads is 

30 300 dpi, 360 dpi, 400 dpi, 600 dpi, or 720 dpi. The pixel 
pitch of a color filter of a 9.4-inch VGA type is 300 ujti 
(corresponding to 84.7 dpi). The pixel pitch of color fil- 
ters of a 10.4-inch XGA type and a 12.9-inch EWS type 
is 207 pm (corresponding to 122.7 dpi). The pixel pitch 

35 of color filters of a 1 2. 1 -inch XGA type, a 1 3.8-inch EWS, 
and a 15.5-inch EWS type is 240 |im (corresponding to 
105.8 dpi). There is no combination of an ink-jet head 
and a color filter whose resolution and pixel pitch match 
with each other or are an integral multiple. Considering 

40 other combinations, there is hardly any combination of 
an ink-jet head and a color filter whose resolution and 
pixel pitch match with each other or are an integral mul- 
tiple. 

When, therefore, an ink-jet head used for a general 
45 ink-jet printer is to be applied to a color filter manufac- 
turing apparatus, the present applicant has studied a 
technique of matching the resolution of the ink-jet head 
with the pixel pitch of a color filter by positioning the ink- 
jet head obliquely with respect to a color filter substrate. 
50 The present applicant has also studied a technique 
of mounting the ink-jet head on the manufacturing ap- 
paratus such that the angle of the ink-jet head can be 
changed with respect to the a color filter substrate to 
allow the single ink-jet head to cope with the pixel pitch- 
es es of various types of color filters. 

When, however, the ink-jet head is mounted ob- 
liquely with respect to a color filter, a coloring operation 
is performed by relatively scanning the ink-jet head and 
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the color fitter, a relative scanning operation is required 
in excess of an amount corresponding to the oblique po- 
sitioning of the ink-jet head. This increases the coloring 
time required for one substrate. Especially when an ink- 
jet head shorter than the effective pixel area of a color 
filter is used, since a relative scanning operation must 
be performed a plurality of numbers of times, a longer 
coloring time is required. With an increase in coloring 
time per substrate, the production of color filters per unit 
time decreases, resulting in an increase in the cost of a 
color filter. 

In addition, when an ink-jet head to be used is 
caused to stand, an ink in discharging nozzles of the ink- 
jet head increases its viscosity or solidifies upon con- 
tacting air. As a result, a discharge failure, i.e., inability 
to discharge the ink, or twisting, i.e., tilting of an ink dis- 
charging direction, may occur. For this reason, the noz- 
zle surfaces are covered with cap members when the 
ink-jet head is not used. Even with the cap members, in 
an initial period of a discharging operation, first some 
inks to be discharged from one nozzle may not be dis- 
charged, or twisting may occur because of the influence 
of the ink whose viscosity has increased. If the ink is 
discharged onto a recording medium such as a paper 
sheet in this state, part of a character may be omitted 
or become excessively bright or dark, resulting in a de- 
terioration in print quality. In order to prevent such a phe- 
nomenon, a receiving portion for receiving the pre^dis- 
charged ink is formed in a cap portion or the like, and 
several inks are preliminarily discharged (pre-discharg- 
ing operation) onto the receiving portion before an ac- 
tual printing operation is performed. This operation itself 
is generally performed in an ink-jet printer, and hence is 
not a special operation. 

When an ink-jet head is applied to a color filter man- 
ufacturing apparatus, unlike in a general printer, a color- 
ing operation is performed by discharging an ink from 
the ink-jet head onto opening portions having predeter- 
mined regularity, as described above. Owing to this 
method, the color filter manufacturing apparatus de- 
mands an ink landing accuracy 1 0 times higher than that 
in the general printer. For this reason, a pre-discharging 
operation becomes more important, and it is preferable 
that a pre-discharging operation always be performed 
before a color pattern is formed by discharging an ink 
onto a glass substrate. 

When the manufacturing apparatus uses a long 
head which can color an entire glass substrate with one 
scanning operation after this pre-discharging operation, 
the following problem is not posed. When, however, the 
apparatus uses a short head which colors a glass sub- 
strate with a plurality of numbers of times of scanning 
operations, since the position of the head relative to the 
substrate is changed between the scanning operations, 
an idling time during which the discharging operation of 
the head is stopped is required. If this time increases, a 
discharge failure or twisting may occur in discharging 
the ink in the next scanning operation. 



In coloring the entire substrate surface with a plu- 
rality of numbers of times of scanning operations, the 
same nozzles are not necessarily used for each scan- 
ning operation owing to the relationship between the 
s number of discharging nozzles which can used in one 
scanning operation, and the number of pixels constitut- 
ing a color filter. For this reason, nozzles which have not 
been used in the previous scanning operation may be 
used. 

10 As is apparent, since the ink in the nozzles which 
have not been used in the previous scanning operation 
contact air without being used for a long period of time 
as compared with the ink in the remaining nozzles, the 
ink in the nozzles which have not been used may in- 

15 crease its viscosity or solidify. For this reason, when the 
ink is to be discharged from the nozzles which have not 
been used, a discharge failure, i.e., inability to discharge 
the ink, or twisting, i.e., tilting of an ink discharging di- 
rection, may occur. As a result, a defective color filter 

20 may be manufactured. 

In order to prevent this, the head may be relatively 
moved to an ink-receiving portion for a pre-discharging 
operation, which is formed in the cap portion or the like 
to perform a pre-discharging operation every time a 

25 scanning operation is performed. With this operation, 
however, the time required to completely color one sub- 
strate increases, and the production per unit time de- 
creases, resulting in an increase in the cost of a color 
filter. That is, the present applicant found this method 

30 undesirable. 

In addition to the above problem, the following prob- 
lem is also posed. 

Prior to a detailed description of this problem, the 
following case studied by the present applicant will be 

35 described below with reference to Fig. 1 . In applying an 
ink-jet head used for a general ink-jet printer to a color 
filter manufacturing apparatus, the ink-jet head is 
mounted obliquely with respect to a color filter substrate 
to match the resolution of the ink-jet head with the pixel 

40 pitch of a color filter. 

Fig. 1 is a plan view showing how the pixels of a 
color fitter are colored by an ink-jet head. With regard to 
the ink-jet head, only the position of a nozzle array is 
shown in Fig. 1 . In this state, of a predetermined pattern, 

45 a portion to be colored in red is being colored. Note that 
the letters R, G, and B in the respective pixels in Fig. 1 
indicate that the respective pixels are to be colored in 
red (R), green (G), and blue (B). 

Reference numeral 1013 denotes a nozzle array 

50 formed on the ink-jet head. An ink is discharged from 
this nozzle array to form ink dots on the substrate. Ref- 
erence numeral 101 4 denotes each pixel of a color filter. 
On these pixels on the substrate, ink dots are formed. 
In the case shown in Fig. 1 , since the pixel pitch of 

55 the color filter does not coincide with the nozzle pitch of 
the ink-jet head, the head is tilted to make the positions 
of every three pixels of the same color in the Y direction 
coincide with the positions of the ink discharged from 
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every five nozzles. Ink dots are then formed in the pixels 
101 4 while the ink-jet head is relatively moved in the X 
direction in Fig. 1, thereby coloring the pixels. This op- 
eration is performed using ink-jet heads for discharging 
red, green, and blue inks to manufacture a color filter. 
In this operation, in the ink-jet head for coloring red pix- 
els, which is shown in Fig. 1, the second, seventh, and 
twelfth nozzles are used to discharge the ink, but the 
remaining nozzles are not used. 

In this case, as this ink-jet head, a general ink-jet 
head having a nozzle pitch of 360 dpi (70.5 u. m) is used. 
As the color filter, a filter having a pixel pitch of 100 uxn 
is used. 

This ink-jet head has the following characteristics: 

(1) When a nozzle clogs with a solid matter in an 
ink, a normal discharging operatbn may not be per- 
formed. In this case, it a nozzle in use does not prop- 
erly discharge an ink, the entire ink-jet head is re- 
placed. 

(2) In an ink-jet system using a thermal phenome- 
non, in particular, when a predetermined number of 
inks are discharged, the nozzle becomes incapable 
of properly discharging an ink because of scorching 
of the ink or the like. That is, the service life of each 
nozzle depends on the number of inks discharged. 
For this reason, an ink-jet head must be periodically 
replaced. 

(3) In the ink-jet system using the thermal phenom- 
enon, since a heater provided for each nozzle which 
is discharging an ink generates heat, repetition of a 
discharging operation will raise the temperature 
near the nozzle. The amount of ink discharged de- 
pends on temperatures. For this reason, ink dots 
gradually change in size, and the ink-jet head ex- 
pands, 

resulting in deformation such as a change in nozzle 
pitch. 

As described above, in a color filter manufacturing 
apparatus, if only specific nozzles are used, the follow- 
ing problems are posed: 

(1) When a given nozzle becomes incapable of 
properly discharging an ink, the entire ink-jet head 
must be replaced, although the remaining nozzles 
can be used. 

(2) In the ink-jet system using the thermal phenom- 
enon, in particular, since the service life of each noz- 
zle depends on the number of inks discharged, 
head replacement must be periodically performed. 
In this replacement, the overall service life of the 
ink-jet head coincides with the service life of some 
nozzles which have been used, although the major- 
ity of the remaining nozzles can be used. 

(3) In the ink-jet system using the thermal phenom- 
enon, in particular, as a discharging operation is 
performed, the temperature near each nozzle in use 



rises, and the amount of ink discharged varies. For 
this reason, the size and color density of ink dots 
formed on the substrate vary, adversely affecting 
the uniformity of a color filter. 

5 

TTie following problem is also posed. An impurity 
may elute from a coloring material contained in an ink 
used for a color filter into a liquid crystal layer to cause 
a deterioration in display quality. For this reason, this ink 
io must be purified to remove such an impurity. Conse- 
quently, the ink becomes expensive. In order to achieve 
a reduction in cost, a demand has arisen for a reduction 
in the amount of ink used. 

15 SUMMARY OF THE INVENTION 

The present invention has been made in consider- 
ation of the above problems, and it is intended to provide 
a color filter manufacturing method and apparatus which 

20 can decrease the cost of an ink-jet head and the cost of 
the manufacturing apparatus by using an ink-jet head 
used in a general printer or having a simple structure as 
an ink-jet head used to manufacture a color filter. 

Embodiments of the present invention provide an 

25 inexpensive color filter by reducing the amounts of inks 
used per color filter, a display device using the color fil- 
ter, and an apparatus using the display device. 

Embodiments of the present invention also provide 
a color filter manufacturing method and apparatus which 

30 can stabilize the discharging operation of an ink-jet head 
to suppress the occurrence of defective products and 
can shorten the drawing time required for one glass sub- 
strate and increase the production per unit time to pro- 
duce a color filter at a lower cost when one glass sub- 

35 strate is to be colored by performing a scanning opera- 
tion a plurality of numbers of times, a color. filter, a dis- 
play device, and an apparatus having the display de- 
vice. 

Embodiments of the present invention also provide 
40 a color filter manufacturing apparatus which can shorten 
the idle time between scanning operations during which 
each ink discharging nozzle of an ink-jet head having 
ink discharging nozzles arranged at a pitch equal to a 
pixel pitch discharges no ink, stabilize the discharging 
45 operation of the ink-jet head, suppress the occurrence 
of defective products, and increase the yield when a 
drawing operation is to be performed for one substrate 
by relatively scanning the ink-jet head a plurality of num- 
bers of times. 

50 in embodiments of the present invention a currently 
used nozzle may be switched to another nozzle of the 
same ink-jet head. 

Embodiments of the present invention also allow a 
reduction in the frequency at which ink-jet heads are re- 
55 placed owing to the service life of each nozzle. 

Embodiments of the present invention may make it 
possible to keep the size and color density of each ink 
dot constant. 
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In order to solve the above problems, a color filter 
manufacturing apparatus of the present invention is 
characterized by the following arrangement according 
to its first aspect. 

There is provided a manufacturing apparatus for a s 
color filter manufactured by forming and arranging many 
pixels colored in the same color on a substrate in an X- 
axis direction as one direction, and periodically forming 
and arranging pixels such that pixels adjacent to each 
other in a Y-axis direction perpendicular to the X-axis fo 
direction are colored in different colors, comprising a 
plurality of ink-jet heads for different colors, each having 
a plurality of ink discharging nozzles arranged in the Y- 
axis direction, each ink-jet head having a first ink dis- 
charging nozzle group, in which a pitch of the plurality is 
of ink discharging nozzles in the Y-axis direction is set 
to be equal to a pitch of the pixels of the same color in 
the Y-axis direction, and a second ink discharging noz- 
zle group having a nozzle pitch set to be equal to the 
pixel pitch in the Y-axis direction like the first ink dis- 20 
charging nozzle group, moving means for moving the 
relative positions of the plurality of ink-jet heads and the 
substrate, and control means for controlling an opera- 
tion of the moving means and ink discharging operations 
of the plurality of ink-jet heads, wherein when the first 2s 
ink discharging nozzle group is used to color the pixels, 
the second ink discharging nozzle group is not used to 
color the pixels, and the control means controls an ink 
discharging operation of only a nozzle group, of the first 
and second ink discharging nozzles, which is to be used 30 
to color pixels of corresponding colors on the substrate. 

A color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its first aspect. 

There is provided a manufacturing method for a 35 
color filter manufactured by forming and arranging many 
pixels colored in the same color on a substrate in an X- 
axis direction as one direction, and periodically forming 
and arranging pixels such that pixels adjacent to each 
other in a Y-axis direction perpendicular to the X-axis 40 
direction are colored in different colors, comprising the 
steps of using a plurality of ink-jet heads for different 
colors, each having a plurality of ink discharging nozzles 
arranged in the Y-axis direction, each ink-jet head hav- 
ing a first ink discharging nozzle group, in which a pitch 45 
of the plurality of ink discharging nozzles in the Y-axis 
direction is set to be equal to a pitch of the pixels of the 
same color in the Y-axis direction, and a second ink dis- 
charging nozzle group having a nozzle pitch set to be 
equal to the pixel pitch in the Y-axis direction like the first so 
ink discharging nozzle group, moving means for moving 
the relative positions of the plurality of ink-jet heads and 
the substrate, and control means for controlling an op- 
eration of the moving means and ink discharging oper- 
ations of the plurality of ink-jet heads, the second ink ss 
discharging nozzle group for coloring of the pixels being 
not used when the first ink discharging nozzle group is 
used to color the pixels, and the control means control- 



ling an ink discharging operation of only a nozzle group, 
of the first and second ink discharging nozzles, which is 
to be used to color pixels of corresponding colors on the 
transparent substrate, and causing each of the ink-jet 
heads to discharge an ink while scanning the ink-jet 
head in the X-axis direction, and coloring all the pixels 
by scanning the ink-jet head once or a plurality of num- 
bers of times in the X-axis direction. 

A color filter of the present invention is character- 
ized by the following arrangement according to its first 
aspect. 

There is provided a color filter manufactured by 
forming and arranging many pixels cobred in the same 
color on a substrate in an X-axis direction as one direc- 
tion, and forming and arranging pixels such that pixels 
adjacent to each other in a Y-axis direction perpendicu- 
lar to the X-axis direction are colored in different colors, 
wherein the color filter is manufactured by using a plu- 
rality of ink-jet heads for different colors, each having a 
plurality of ink discharging nozzles arranged in the Y- 
axis direction, each ink-jet head having a first ink dis- 
charging nozzle group, in which a pitch of the plurality 
of ink discharging nozzles in the Y-axis direction is set 
to be equal to a pitch of the pixels of the same color in 
the Y-axis direction, and a second ink discharging noz- 
zle group having a nozzle pitch set to be equal to the 
pixel pitch in the Y-axis direction like the first ink dis- 
charging nozzle group, moving means for moving the 
relative positions of the plurality of ink-jet heads and the 
substrate, and control means for controlling an opera- 
tion of the moving means and ink discharging operations 
of the plurality of ink-jet heads, and causing each of the 
ink-jet heads to discharge an ink white scanning the ink- 
jet head in the X-axis direction, and coloring all the pixels 
by scanning the ink-jet head once or a plurality of num- 
bers of times in the X-axis direction. 

A display device of the present invention is charac- 
terized by the following arrangement according to its first 
aspect. 

There is provided a display device using a color filter 
manufactured by forming and arranging many pixels 
colored in the same color on a substrate in an X-axis 
direction as one direction, and periodically forming and 
arranging pixels such that pixels adjacent to each other 
in a Y-axis direction perpendicular to the X-axis direction 
are colored in different colors, integrally comprising a 
color filter manufactured by using a plurality of ink-jet 
heads for different colors, each having a plurality of ink 
discharging nozzles arranged in the Y-axis direction, 
each ink-jet head having a first ink discharging nozzle 
group, in which a pitch of the plurality of ink discharging 
nozzles in the Y-axis direction is set to be equal to a pitch 
of the pixels of the same color in the Y-axis direction, 
and a second ink discharging nozzle group having a 
nozzle pitch set to be equal to the pixel pitch in the Y- 
axis direction like the first ink discharging nozzle group, 
moving means for moving the relative positions of the 
plurality of ink-jet heads and the substrate, and control 
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means for controlling an operation of the moving means 
and ink discharging operations of the plurality of ink-jet 
heads, and causing each of the ink-jet heads to dis- 
charge an ink while scanning the ink-jet head in the X- 
axis direction, and coloring all the pixels by scanning the 
ink-jet head once or a plurality of numbers of times in 
the X-axis direction, and light amount changing means 
for changing a light amount. 

An apparatus including a display device of the 
present invention is characterized by the following ar- 
rangement according to its first aspect. 

There is provided an apparatus having a display de- 
vice using a color filter manufactured by forming and ar- 
ranging many pixels colored in the same color on a sub- 
strate in an X-axis direction as one direction, and peri- 
odically forming and arranging pixels such that pixels 
adjacent to each other in a Y-axis direction perpendicu- 
lar to the X-axis direction are colored in different colors, 
integrally comprising a display device integrally having 
a color filter manufactured by using a plurality of ink-jet 
heads for different colors, each having a plurality of ink 
discharging nozzles arranged in the Y-axis direction, 
each ink-jet head having a first ink discharging nozzle 
group, in which a pitch of the plurality of ink discharging 
nozzles in the Y-axis direction is set to be equal to a pitch 
of the pixels of the same color in the Y-axis direction, 
and a second ink discharging nozzle group having a 
nozzle pitch set to be equal to the pixel pitch in the Y- 
axis direction like the first ink discharging nozzle group, 
moving means for moving the relative positions of the 
plurality of ink-jet heads and the substrate, and control 
means for controlling an operation of the moving means 
and ink discharging operations of the plurality of ink-jet 
heads, and causing each of the ink-jet heads to dis- 
charge an ink while scanning the ink-jet head in the X- 
axis direction, and coloring all the pixels by scanning the 
ink-jet head once or a plurality of numbers of times in 
the X-axis direction, and light amount changing means 
for changing a light amount, and image signal supply 
means for supplying an image signal to the display de- 
vice. 

An ink-jet apparatus of the present invention is char- 
acterized by the following arrangement. 

There is provided an ink-jet apparatus for coloring 
a coloring medium by using a first ink discharging nozzle 
group, and a second ink discharging nozzle group ca- 
pable of discharging an ink in place of the first ink dis- 
charging nozzle, comprising control means for causing 
only the first ink discharging nozzle group to perform a 
pre-discharging operation before the coloring medium 
is colored by the first ink discharging nozzle group, and 
causing both the first and second ink discharging nozzle 
groups to perform a pre-discharging operation at a fre- 
quency lower than that of a pre-discharging operation 
performed by the first ink discharging nozzle group. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 
according to its second aspect. 



There is provided a manufacturing apparatus for a 
color filter manufactured by forming and arranging a plu- 
rality of colored pixels on a substrate, comprising an ink- 
jet head having a plurality of ink discharging nozzles, 

5 moving means for moving relative positions of the ink- 
jet head and the substrate, and control means for con- 
trolling an operation of the moving means and an ink 
discharging operation of the ink-jet head, wherein when 
the ink-jet head is to be scanned a plurality of numbers 

10 of times so as to color the substrate, the control means 
controls an ink discharging operation such that ink dis- 
charging nozzles which have been used in a previous 
scanning operation are always used entirely or partly in 
a succeeding scanning operation. 

is A color filter manufacturing apparatus of the present 
invention is characterized by the fol towing arrangement 
according to its third aspect. 

There is provided a manufacturing apparatus for a 
color filter manufactured by forming and arranging a plu- 

20 rality of colored pixels on a substrate, comprising a plu- 
rality of ink-jet heads for different colors, each having a 
plurality of ink discharging nozzles, moving means for 
moving relative positions of the plurality of ink-jet heads 
and the substrate, and control means for controlling an 

25 operation of the moving means and ink discharging op- 
erations of the ink-jet head, wherein when the plurality 
of ink-jet heads are to be scanned a plurality of numbers 
of times so as to color an entire area of the substrate, 
the control means controls an ink discharging operation 

30 such that ink discharging nozzles which have been used 
in a previous scanning operation are always used en- 
tirely or partly in a succeeding scanning operation. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 

35 according to its fourth aspect. 

There is provided a manufacturing apparatus for a 
color filter manufactured by forming and arranging many 
pixels colored in the same color on a substrate in an X- 
axis direction as one direction, and periodically forming 

40 and arranging pixels such that pixels adjacent to each 
other in a Y-axis direction perpendicular to the X-axis 
direction are colored in different colors, comprising a 
plurality of ink-jet heads for different colors, each having 
a plurality of ink discharging nozzles arranged in the Y- 

45 axis direction, moving means for moving relative posi- 
tions of the plurality of ink-jet heads and the substrate, 
and control means for controlling an operation of the 
moving means and ink discharging operations of the ink- 
jet head, wherein when the plurality of ink-jet heads are 

50 to be scanned a plurality of numbers of times so as to 
color an entire area of the substrate, the control means 
controls an ink discharging operation such that ink dis- 
charging nozzles which have been used in a previous 
scanning operation are always used entirely or partly in 

55 a succeeding scanning operation. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 
according to its fifth aspect. 
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There is provided a manufacturing apparatus for a 
color filter manufactured by forming and arranging many 
pixels colored in the same color on a substrate in an X- 
axis direction as one direction, and forming and arrang- 
ing pixels such that pixels adjacent to each other in a Y- 
axis direction perpendicular to the X-axis direction are 
colored in different colors, comprising a plurality of ink- 
jet heads for different colors, each having a plurality of 
ink discharging nozzles arranged in the Y-axis direction, 
the ink discharging nozzles being arranged at a pitch in 
the Y-axis direction which is equal to a pitch of pixels of 
the same color in the Y-axis direction, moving means for 
moving relative positions of the plurality of ink-jet heads 
and the substrate, and control means for controlling an 
operation of the moving means and ink discharging op- 
erations of the ink-jet head, wherein when the plurality 
of ink-jet heads are to be scanned a plurality of numbers 
of times so as to color an entire area of the substrate, 
the control means controls an ink discharging operation 
such that ink discharging nozzles which have been used 
in a previous scanning operation are always used en- 
tirely or partly in a succeeding scanning operation. 

A color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its second aspect. 

There is provided a method of manufacturing a 
color filter by arranging a plurality of colored pixels on a 
substrate by controlling relative positions of an ink-jet 
head having a plurality of ink discharging nozzles and 
the substrate, and discharging an ink from the ink-jet 
head onto the substrate, comprising in coloring an entire 
area of the substrate by scanning the ink-jet head a plu- 
rality of numbers of times, performing an ink discharging 
operation such that ink discharging nozzles which have 
been used in a previous scanning operation are always 
used entirely or partly in a succeeding scanning opera- 
tion. 

A color filter of the present invention is character- 
ized by the following arrangement according to its sec- 
ond aspect. 

There is provided a color filter manufactured by 
forming and arranging a plurality of colored pixels on a 
substrate, wherein the color filter is manufactured by us- 
ing an ink-jet head having a plurality of ink discharging 
nozzles, moving means for moving relative positions of 
the ink-jet head and the substrate, and control means 
for controlling an operation of the moving means and an 
ink discharging operation of the ink-jet head, and per- 
forming an ink discharging operation such that ink dis- 
charging nozzles which have been used in a previous 
scanning operation are always used entirely or partly in 
a succeeding scanning operation, in coloring an entire 
area of the substrate by scanning the ink-jet head a plu- 
rality of numbers of times. 

A display device of the present invention is charac- 
terized by the following arrangement according to its 
second aspect. 

There is provided a display device using a color fitter 



manufactured by forming and arranging a plurality of 
colored pixels on a substrate, integrally comprising a 
color filter is manufactured by using an ink-jet head hav- 
ing a plurality of ink discharging nozzles, moving means 

5 for moving relative positions of the ink-jet head and the 
substrate, and control means for controlling an opera- 
tion of the moving means and an ink discharging oper- 
ation of the ink-jet head, and performing an ink discharg- 
ing operation such that ink discharging nozzles which 

10 have been used in a previous scanning operation are 
always used entirely or partly in a succeeding scanning 
operation, in coloring an entire area of the substrate by 
scanning the ink-jet head a plurality of numbers of times, 
and light amount changing means for changing a light 

15 amount. 

An apparatus including a display device of the 
present invention is characterized by the following ar- 
rangement according to its second aspect. 

There is provided an apparatus having a display de- 

20 vice using a color filter manufactured by forming and ar- 
ranging a plurality of colored pixels on a substrate, com- 
prising a display device integrally having a color fitter is 
manufactured by using an ink-jet head having a plurality 
of ink discharging nozzles, moving means for moving 

25 relative positions of the ink-jet head and the substrate, 
and control means for controlling an operation of the 
moving means and an ink discharging operation of the 
ink-jet head, and performing an ink discharging opera- 
tion such that ink discharging nozzles which have been 

30 used in a previous scanning operation are always used 
entirely or partly in a succeeding scanning operation, in 
coloring an entire area of the substrate by scanning the 
ink-jet head a plurality of numbers of times, and light 
amount changing means for changing a light amount, 

35 and image signal output means for outputting an image 
signal to the display device. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 
according to its sixth aspect. 

40 There is provided a manufacturing apparatus for a 
color filter manufactured by forming and arranging many 
colored pixels on a substrate, comprising ink discharg- 
ing means having a plurality of ink discharging nozzles, 
moving means for moving relative positions of the ink 

45 discharging means and the substrate, and control 
means for controlling an operation of the moving means 
and an ink discharging operation of the ink discharging 
means, wherein when the ink discharging means is to 
be scanned a plurality of numbers of times to color the 

50 substrate, the control means controls such that the num- 
bers of nozzles used for coloring in the respective scan- 
ning operations become substantially equal to each oth- 
er. 

A color filter manufacturing apparatus of the present 
55 invention is characterized by the following arrangement 
according to its seventh aspect. 

There is provided a manufacturing apparatus for a 
color filter manufactured by forming and arranging many 
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colored pixels on a substrate, comprising a plurality of 
ink discharging means for different colors, each having 
a plurality of ink discharging nozzles, moving means for 
moving relative positions of the plurality of ink discharg- 
ing means and the substrate, and control means for con- 
trolling an operation of the moving means and ink dis- 
charging operations of the plurality of ink discharging 
means, wherein when the plurality of ink discharging 
means are to be scanned a plurality of numbers of times 
to color an entire area of the substrate, the control 
means controls such that the numbers of nozzles used 
for coloring in the respective scanning operations be- 
come substantially equal to each other. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 
according to its eight aspect. 

There is provided a manufacturing apparatus for a 
color filter manufactured by forming and arranging many 
pixels colored in the same color on a substrate in an X- 
axis direction as one direction, and forming and arrang- 
ing pixels such that pixels adjacent to each other in a Y- 
axis direction perpendicular to the X-axis direction are 
colored in different colors, comprising a plurality of ink 
discharging means for different colors, each having a 
plurality of ink discharging nozzles arranged in the Y- 
axis direction, moving means for moving relative posi- 
tions of the plurality of ink discharging means and the 
substrate, and control means for controlling an opera- 
tion of the moving means and ink discharging operations 
of the plurality of ink discharging means, wherein when 
the plurality of ink discharging means are to be scanned 
a plurality of numbers of times to color an entire area of 
the substrate, the control means controls such that the 
numbers of nozzles used for coloring in the respective 
scanning operations become substantially equal to 
each other. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 
according to its ninth aspect. 

There is provided a manufacturing apparatus for a 
color filter manufactured by forming and arranging many 
pixels colored in the same color on a substrate in an X- 
axis direction as one direction, and forming and arrang- 
ing pixels such that pixels adjacent to each other in a Y- 
axis direction perpendicular to the X-axis direction are 
colored in different colors, comprising a plurality of ink 
discharging means for different colors, each having a 
plurality of ink discharging nozzles arranged in the Y- 
axis direction, the ink discharging means having nozzle 
arrays in which at least a pitch of the plurality of ink dis- 
charging nozzles in the Y-axis direction is set to be equal 
to a pitch of pixels of the same color in the Y-axis direc- 
tion, moving means for moving relative positions of the 
plurality of ink discharging means and the substrate, and 
control means for controlling an operation of the moving 
means and ink discharging operations of the plurality of 
ink discharging means, wherein when the plurality of ink 
discharging means are to be scanned a plurality of num- 



bers of times to color an entire area of the substrate, the 
control means controls such that the numbers of nozzles 
used for coloring in the respective scanning operations 
become substantially equal to each other. 

5 A color filter manufacturing method of the present 
invention is characterized by the folbwing process ac- 
cording to its third aspect. 

There is provided a manufacturing method for a 
color filter manufactured by forming and arranging many 

10 colored pixels on a substrate, comprising in coloring an 
entire area of the substrate by performing a scanning 
operation of moving relative positions of an ink discharg- 
ing means having a plurality of ink discharging nozzles 
and the substrate a plurality of numbers of times, per- 

is forming a coloring operation such that the numbers of 
nozzles used for coloring in the respective scanning op- 
erations become substantially equal to each other. 

A color filter of the present invention is character- 
ized by the following arrangement according to its third 

20 aspect. 

There is provided a color filter manufactured by 
forming and arranging many colored pixels on a sub- 
strate, wherein when an entire area of the substrate is 
to be colored by performing a scanning operation of 

25 moving relative positions of an ink discharging means 
having a plurality of ink discharging nozzles and the sub- 
strate a plurality of numbers of times, a coloring opera- 
tion is performed such that the numbers of nozzles used 
for coloring in the respective scanning operations be- 

30 come substantially equal to each other. 

A display device of the present invention is charac- 
terized by the following arrangement according to its 
third aspect. 

There is provided a display device using a color filter 

35 manufactured by forming and arranging many colored 
pixels on a substrate, integrally comprising a color filter 
manufactured by performing a coloring operation such 
that the numbers of nozzles used for coloring in the re- 
spective scanning operations become substantially 

40 equal to each other when an entire area of the substrate 
is to be colored by performing a scanning operation of 
moving relative positions of an ink discharging means 
having a plurality of ink discharging nozzles and the sub- 
strate a plurality of numbers of times, and light amount 

45 changing means for changing a light amount. 

An apparatus including a display device of the 
present invention is characterized by the following ar- 
rangement according to its third aspect. 

There is provided an apparatus having a display de- 

50 vice using a color filter manufactured by forming andar- 
ranging many colored pixels on a substrate, comprising 
a display device integrally having a color filter manufac- 
tured by performing a coloring operation such that the 
numbers of nozzles used for coloring in the respective 

55 scanning operations become substantially equal to 
each other when an entire area of the substrate is to be 
colored by performing a scanning operation of moving 
relative positions of an ink discharging means having a 
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plurality of ink discharging nozzles and the substrate a 
plurality of numbers of times, and light amount changing 
means for changing a light amount, and image signal 
output means for outputting an image signal to the dis- 
play device. 5 

A color fitter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its fourth aspect. 

There is provided a color filter manufacturing meth- 
od of dividing all ink discharging nozzles of an ink-jet 10 
head having the plurality of ink discharging nozzles into 
a plurality of nozzle groups each including a predeter- 
mined number of nozzles, discharging an ink upon 
switching the plurality of nozzle groups as needed, and 
coloring each pixel of a color filter, comprising the is 
switching step of switching the plurality of nozzle 
groups, and the compensation step of compensating for 
a positional offset between a nozzle group to be used 
and each pixel. 

A color filter manufacturing apparatus of the present 20 
invention is characterized by the following arrangement 
according to its tenth aspect. 

There is provided a color filter manufacturing appa- 
ratus for dividing all ink discharging nozzles of an ink- 
jet head having the plurality of ink discharging nozzles 2s 
into a plurality of nozzle groups each including a prede- 
termined number of nozzles, discharging an ink upon 
switching the plurality of nozzle groups as needed, and 
coloring each pixel of a color filter, comprising switching 
means for switching the plurality of nozzle groups, con- 30 
trol means for controlling a switching operation of the 
switching means, and compensation means for, when 
the nozzle groups are switched by the switching means, 
compensating for a positional offset between the nozzle 
group to be used and each pixel. 35 

Other objects and advantages besides those dis- 
cussed above shall be apparent to those skilled in the 
art from the description of a preferred embodiment of 
the invention which follows. In the description, reference 
is made to accompanying drawings, which form apart 40 
hereof, and which illustrate an example of the invention. 
Such example, however, is not exhaustive of the various 
embodiments of the invention, and therefore reference 
is made to the claims which follow the description for 
determining the scope of the invention. 45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing the relationship between a 
color filter and an ink-jet head in a color manufac- so 
turing apparatus; 

Figs. 2A to 2F are sectional views for explaining a 
color filter manufacturing process; 
Figs. 3A to 3F are sectional views for explaining an- 
other color filter manufacturing process; ss 
Fig. 4 is a sectional view showing the structure of a 
TFT liquid crystal panel incorporating a color filter 
manufactured by a manufacturing apparatus of an 



embodiment of the present invention; 
Fig. 5 is a sectional view showing the structure of a 
TFT liquid crystal panel incorporating a color filter 
manufactured by the manufacturing apparatus of 
an embodiment of the present invention; 
Fig. 6 is a block diagram showing an information 
processing apparatus using a liquid crystal panel; 
Fig. 7 is a perspective view showing the information 
processing apparatus using the liquid crystal panel; 
Fig. 8 is a perspective view showing an information 
processing apparatus using a liquid crystal panel; 
Fig. 9 is a view showing the pattern of a color filter 
manufactured by the manufacturing apparatus of 
the embodiment; 

Fig. 10 is a view showing the size of the display unit 
of a TFT liquid crystal panel incorporating a color 
filter manufactured by the manufacturing apparatus 
of the embodiment; 

Fig. 11 is a perspective view showing the structure 
of an ink-jet head; 

Fig. 12 is a view showing the arrangement of a re- 
storing unit for the manufacturing apparatus of the 
embodiment; 

Fig. 1 3 is a view showing a state wherein the restor- 
ing unit for the manufacturing apparatus of the em- 
bodiment is performing a capping operation; 
Fig. 1 4 is a view showing a state wherein the restor- 
ing unit for the manufacturing apparatus of the em- 
bodiment is performing a wiping operation; 
Fig. 15 is a perspective view showing the structure 
of an ink-jet head; 

Fig. 16 is a block diagram showing the schematic 
arrangement of the manufacturing apparatus of the 
embodiment; 

Fig. 1 7 is a flow chart schematically showing the op- 
eration of the manufacturing apparatus of the em- 
bodiment; 

Fig. 18 is a view showing how ink-jet heads are 
moved relative to a glass substrate in the manufac- 
turing apparatus of the embodiment; 
Fig. 19 is a view showing the positional relationship 
between each pixel and each discharging nozzle in 
the manufacturing apparatus of the embodiment; 
Fig. 20 is a view showing how ink-jet head discharg- 
es an ink; 

Fig. 21 is a view showing the arrangement of the 
discharging nozzles on the nozzle surface of an ink- 
jet head; 

Fig. 22 is a view showing the arrangement of the 
discharging nozzles on the nozzle surface of an ink- 
jet head; 

Fig. 23 is a view showing how ink-jet heads are 
moved relative to a glass substrate in a manufac- 
turing apparatus of another embodiment; 
Fig. 24 is a view showing how ink-jet heads are 
moved relative to a glass substrate in a manufac- 
turing apparatus of still another embodiment; 
Fig. 25 is a view showing the arrangement of a color 
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filter manufacturing apparatus of the fifth embodi- 
ment of the present invention; 
Fig. 26 is a view showing the arrangement of a color 
filter manufacturing apparatus of the sixth embodi- 
ment of the present invention; and 
Fig. 27 is a view showing the arrangement of a color 
filter manufacturing apparatus of the seventh em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present inven- 
tion will be described in detail below with reference to* 
the accompanying drawings. 

(First Embodiment) 

Figs. 2 A to 2F show a color filter manufacturing 
process using a color filter manufacturing apparatus ac- 
cording to an embodiment of the present invention. 

In this embodiment, as a substrate 1 , a glass sub- 
strate is generally used. However, a substrate other than 
a glass substrate can be used as long as it has charac- 
teristics required for a liquid crystal color filter, e.g., good 
transparency and high mechanical strength. 

First of all, the glass substrate 1 is prepared, on 
which a black matrix 2 is formed to clearly partition off 
each pixel of a color filter so as to obtain a clear image 
(Fig. 2A). As a method of forming a black matrix, a meth- 
od of forming a thin metal film on a substrate by sput- 
tering or deposition, and patterning the film by a photo- 
lithographic process is available. 

As shown in Fig. 2B, a coating material is applied 
to the substrate 1 , on which the black matrix 2 is formed. 
The resultant structure is pre-baked, as needed, to form 
a resin composition layer 3. Upon irradiation of light or 
irradiation of light and a heat treatment, the ink absorp- 
tion property of the irradiated portions of the resin com- 
position layer 3 improves. As the coating material, the 
following resin composition is used. Upon exposure or 
exposure and a heat treatment, the ink absorption prop- 
erty of the exposed portions of the resin composition im- 
proves. By using the difference in ink absorption prop- 
erty between the exposed and non -exposed portions, 
color mixing of inks and the unnecessary diffusion of an 
ink can be prevented. 

Pattern exposure is performed, via a mask 4, with 
respect to the coating material on the portions which are 
not light-shielded by the black matrix 2 to perform an ink 
affinity process (Fig. 2C), thereby forming a latent image 
(Fig. 2D). 

Subsequently, ink-jet heads are used to discharge 
R (red), G (green), and B (blue) inks onto portions 6 hav- 
ing affinities for inks (Fig. 2E), and the inks are dried, as 
needed. 

Irradiation of light ora heat treatment and irradiation 
of light are performed to cure the colored coating mate- 
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rial, and a protective layer 8 is formed as needed (Fig. 
2F). The protective layer 8 can be made of, e.g.. a resin 
material of a photo-setting type, thermosetting type, or 
photosetting/thermosetting type, or an inorganic film 

s formed by deposition or sputtering. The resultant layer 
needs to have transparency upon formation of a color 
filter and be sufficiently resistant to the subsequent proc- 
esses such as an ITO (Indium Tin Oxide) formation proc- 
ess and an aligning film formation process. 

10 Figs. 3A to 3F are views showing another color filter 
manufacturing process. 

Fig. 3A shows a glass substrate 1 having a black 
matrix 2 constituted by light-transmitting portions 7 and 
light-shielding portions. First of all, the glass substrate 

is 1 , on which the black matrix 2 is formed, is coated with 
a resin composition which can be cured upon irradiation 
of light or irradiation of light and heating, and exhibits 
ink receptivity. The resultant structure is pre-baked, as 
needed, to form a resin composition layer 3' (Fig. 3B). 

20 The resin composition layer 3* can be formed by a coat- 
ing method such as spin coating, roller coating, bar coat- 
ing, spraying, or dipping. However, a coating method to 
be used is not specifically limited. 

Subsequently, pattern exposure is performed by us- 

25 ing a photomask 4' with respect to the resin layer por- 
tions which are light-shielded by the black matrix 2 to 
partly cure the resin layer, thereby forming portions 5' 
(non -colored portions) which do not absorb an ink (Fig. 
3C). Thereafter, the resin layer is colored in R, G, and 

30 b at once by using the ink-jet heads (Fig. 3D), and the 
inks are dried, as needed. 

As the photomask 4' used when pattern exposure 
is performed, a mask having opening portions for curing 
the portions light-shielded by the black matrix is used. 

35 in this case, in order to prevent a color omission of the 
color material at a portion in contact with the black ma- 
trix, a relatively large amount of ink must be discharged. 
For this reason, a mask having opening portions each 
having a size smaller than the width of each light-shield- 

40 ing portion of the black matrix. 

As an ink to be used for a coloring operation, either 
of dye and pigment inks can be used, and either of liquid 
and solid inks can be used. 

As a curable resin composition to be used in the 

45 present invention, any resin composition which has ink 
receptivity and can be cured by at least one of the fol- 
lowing treatments: irradiation of light and a combination 
of irradiation of light and heating, can be used. As resins, 
acrylic resin, epoxy resin, and silicone resin are availa- 

50 ble. As cellulose derivatives, hydroxypropyl cellulose, 
hydroxy ethyl cellulose, methyl cellulose, carboxyme- 
thyl cellulose are available, and modified materials are 
available. 

Optical initiators (crosslinkers) can also be used to 
55 make crosslinking react ions of these resins proceed up- 
on irradiation of light or irradiation of light and heat. As 
optical initiators, dichromate, a bis-azide compound, a 
radical-based initiator, a cation-based initiator, an anion- 
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based initiator, and the like can be used. Mixtures of 
these optical initiators and combinations of the initiators 
and sensitizers can also be used. In addition, an optical 
acid generating agent such as onium salt can be used 
as acrosslinker. In order to make a crosslin king reaction 
further proceed, a heat treatment may be performed af- 
ter irradiation of light. 

Resin layers containing these compositions have 
excellent heat resistance, excellent water resistance, 
and the like, and are sufficiently resistant to high tem- 
peratures and cleaning in the subsequent steps. As an 
ink-jet system used in the present invention, a bubble- 
jet type using an electrothermal converter as an energy 
generating element, a piezoelectric jet type using a pi- 
ezoelectric element, or the like can be used. A coloring 
area and cobring pattern can be arbitrarily set. 

This embodiment exemplifies the structure in which 
the black matrix is formed on the substrate. However, 
after a curable resin composition layer is formed or after 
coloring is performed, a black matrix may be formed on 
the resin layer without posing any problem. That is, the 
form of a black matrix is not limited to that in this em- 
bodiment. As a method of forming a black matrix, a 
method of forming a thin metal film on a substrate by 
sputtering or deposition, and patterning the film by a 
photolithographic process is preferably used. However, 
the present invention is not limited to this. 

Subsequently, the curable resin composition is 
cured by performing only one of the following treat- 
ments: irradiation of light, a heat treatment, and a com- 
bination of irradiation of light and a heat treatment (Fig. 
3E), and a protective layer 8 is formed, as needed (Fig. 
3F). Note that reference symbol hv denotes the intensity 
of light. When a heat treatment is to be performed, heat 
is applied instead of hv. The protective layer 8 can be 
made of a second resin composition of a photo-setting 
type, thermosetting type, or photo-setting/thermosetting 
type. The resultant layer needs to have transparency 
upon formation of a color filter and be sufficiently resist- 
ant to the subsequent processes such as an I TO forma- 
tion process and an aligning film formation process. 

Figs. 4 and 5 are sectional views each showing a 
TFT (Thin Film Transistor) color liquid crystal panel in- 
corporating the color filter of this embodiment. Note that 
the form of a color liquid crystal panel is not limited to 
any of these examples. 

In general, a color liquid crystal panel is formed by 
joining a color filter substrate 1 to a counter substrate 
254 and sealing a liquid crystal compound 252 therebe- 
tween. TFTs (Thin Film Transistors) (not shown) and 
transparent pixel electrodes 253 are formed on the inner 
surface of one substrate 254 of the liquid crystal panel 
in a matrix form. A color filter 10 is placed on the inner 
surface of the other substrate 1 2 such that the R, G, and 
B coloring materials are positioned to oppose the pixel 
electrodes. A transparent counter electrode (common 
electrode) 250 is formed on the entire surface of the 
color filter 10. A black matrix 2 is generally formed on 
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the color filter substrate 1 side (see Fig. 4). However, in 
a BM (Black Matrix) on-array type liquid crystal panel, 
the black matrix is formed on the TFT substrate side op- 
posing the color filter substrate (see Fig. 5). In addition, 

5 aligning films 251 are formed within the planes of the 
two substrates. By performing a rubbing process for the 
aligning films 251 , the liquid crystal molecules can be 
aligned in a predetermined direction. Polarizing plates 
255 are bonded to the outer surface of the respective 

10 glass substrates. The liquid crystal compound 252 is 
filled in the gap (about 2 to 5 urn) between these glass 
substrates. As a blacklight, a combination of a fluores- 
cent lamp (not shown) and a scattering plate (not 
shown) is generally used. A display operation is per- 
is formed by causing the liquid crystal compound to serve 
as an optical shutter for changing the transmittance for 
light emitted from the backlight. 

A case wherein the above liquid crystal display de- 
vice is applied to an information processing apparatus 

20 will be described below with reference to Figs. 6 to 8. 

Fig. 6 is a block diagram showing the schematic ar- 
rangement of an information processing apparatus 
serving as a wordprocessor, a personal computer, a fac- 
simile apparatus, and a copying machine, to which the 

25 above liquid crystal display device is applied. 

Referring to Fig. 6, reference numeral 1801 denotes 
a control unit for controlling the overall apparatus. The 
control unit 1801 includes a CPU such as a microproc- 
essor and various I/O ports, and performs control by out- 

30 putting/inputting control signals, data signals, and the 
like to/from the respective units. Reference numeral 
1802 denotes a display unit for displaying various men- 
us, document information, and image data read by an 
image reader 1807, and the like on the display screen; 

35 1803, a transparent, pressure-sensitive touch panel 
mounted on the display unit 1802. By pressing the sur- 
face of the touch panel 1 803 with a finger of the user or 
the like, an item input operation, a coordinate position 
input operation, or the like can be performed on the dis- 

40 play unit 1802. 

Reference numeral 1804 denotes an FM (Frequen- 
cy Modulation) sound source unit for storing music in- 
formation, created by a music editor or the like, in a 
memory unit 1810 or an external memory unit 1812 as 

45 digital data, and reading out the information from such 
a memory, thereby performing FM modulation of the in- 
formation. An electrical signal from the FM sound source 
unit 1 804 is converted into an audible sound by a speak- 
er unit 1805. A printer unit 1806 is used as an output 

50 terminal for the wordprocessor, the personal computer, 
the facsimile apparatus, and the copying machine. 

Reference numeral 1807 denotes an image reader 
unit for photoelectrically reading original data. The im- 
age reader unit 1807 is arranged midway along the orig- 

ss inal convey passage and designed to read originals for 
facsimile and copy operations and other various origi- 
nals. 

Reference numeral 1808 denotes a transmission/ 
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reception unit for the facsimile (FAX) apparatus. The 
transmission/reception unit 1 808 transmits original data 
read by the image reader unit 1807 by facsimile, and 
receives and decodes a sent facsimile signal. The trans- 
mission/reception unit 1 808 has an interface function for 
external units. Reference numeral 1809 denotes a tele- 
phone unit having a general telephone function and var- 
ious telephone functions such as an answering function. 

Reference numeral 1810 denotes a memory unit in- 
cluding a ROM for storing system programs, manager 
programs, application programs, fonts, and dictionaries, 
a RAM for storing an application program loaded from 
the external memory unit 1812 and document informa- 
tion, a video RAM, and the like. 

Reference numeral 1811 denotes a keyboard unit 
for inputting document information and various com- 
mands. 

Reference numeral 1 81 2 denotes an external mem- 
ory unit using a floppy disk, a hard disk, and the like. 
The external memory unit 1812 serves to store docu- 
ment information, music and speech information, appli- 
cation programs of the user, and the like. 

Fig. 7 is a perspective view of the information 
processing apparatus in Fig. 6. 

Referring to Fig. 7, reference numeral 1901 denotes 
a flat panel display using the above liquid crystal display 
device, which displays various menus, graphic pattern 
information, document information, and the like. A coor- 
dinate input or item designation input operation can be 
performed on the flat panel display 1 901 by pressing the 
surface of the touch panel 1803 with a finger of the user 
or the like. Reference numeral 1902 denotes a handset 
used when the apparatus is used as a telephone set. A 
keyboard 1903 is detachably connected to the main 
body via a cord and is used to perform various document 
functions and input various data This keyboard 1 903 
has various function keys 1904. Reference numeral 
1905 denotes an insertion port through which a floppy 
disk is inserted into the external memory unit 1812. 

Reference numeral 1 906 denotes an original table 
on which an original to be read by the image reader unit 
1807 is placed. The read original is discharged from the 
rear portion of the apparatus. In a facsimile receiving 
operation or the like, received data is printed out by an 
ink-jet printer 1907. 

When the above information processing apparatus 
is to serve as a personal computer or a wordprocessor, 
various kinds of information input through the keyboard 
unit 1811 are processed by the control unit 1801 in ac- 
cordance with a predetermined program, and the result- 
ant information is output, as an image, to the printer unit 
1806. 

When the information processing apparatus is to 
serve as the receiver of the facsimile apparatus, facsim- 
ile information input through the transmission/reception 
unit 1808 via a communication line is subjected to re- 
ception processing in the control unit 1801 in accord- 
ance with a predetermined program, and the resultant 



information is output, as a received image, to the printer 
unit 1806. 

When the information processing apparatus is to 
serve as the copying machine, an original is read by the 

5 image reader unit 1807, and the read original data is 
output, as an image to be copied, to the printer unit 1806 
via the control unit 1801 . Note that when the information 
processing apparatus is to serve as the receiver of the 
facsimile apparatus, original data read by the image 

10 reader unit 1807 is subjected to transmission process- 
ing in the control unit 1801 in accordance with a prede- 
termined program, and the resultant data is transmitted 
to a communication line via the transmission/reception 
unit 1808. 

15 Note that the above information processing appa- 
ratus may be designed as an integrated apparatus in- 
corporating an ink-jet printer in the main body, as shown 
in Fig. 8. In this case, the portability of the apparatus 
can be improved. The same reference numerals in Fig. 

20 8 denote parts having the same functions as those in 
Fig. 7. 

Fig. 9 shows the color pattern of a color filter man- 
ufactured by the color filter manufacturing apparatus of 
this embodiment. Each of the portions colored by R, G, 

25 and B inks is a pixel, which has an almost rectangular 
shape. Assume that the longitudinal direction of one pix- 
el is the X direction, and a direction perpendicular to the 
X direction is the Y direction. All the pixels have the 
same size, i.e., 150 u/n x 60 u.m. The pitch in the X di- 

30 rection is 300 urn and the pitch in the Y direction is 1 00 
u. m. Pixels of the same color are arranged in a row in 
the X direction, and pixels are arranged in the Y direction 
such that adjacent pixels have different colors. The pat- 
tern shown in Fig. 9 corresponds to the pattern of the 

35 black matrix formed in the step shown in Fig. 2A. 

The number of pixels in the X direction is 480, and 
that in the Y direction is 1 ,920 (640 pixels of each color). 
As shown in Fig. 10, the screen of the color filter has a 
size of 144 mm x 192 mm, which corresponds to a 

40 9.4-inch liquid crystal panel having a diagonal length of 
240 mm. 

Fig. 11 shows the arrangement of a manufacturing 
apparatus for manufacturing the color filter in Fig. 9. 
Referring to Fig. 11 , a manufacturing apparatus 20 

45 comprises an X-Y table 22 mounted on a base (not 
shown) and capable of moving in the X and Y directions 
in Fig. 11, and an ink-jet head UH fixed on the base via 
a support member (not shown) above the X-Y table 22. 
A glass substrate 1 on which a black matrix 2 and a resin 

50 composition layer 3 are formed in advance by the above 
method is placed on the X-Y table 22. The ink-jet head 
UH includes a red head 120a for discharging a red ink, 
a green head 120b for discharging a green ink, and a 
blue head 120c for discharging a blue ink. These heads 

55 120a, 120b, and 120c are designed to discharge inks 
independently. 

A restoring unit 30 for performing a restoring oper- 
ation for the ink-jet head I JH is provided on an end por- 
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tion of the X-Y table 22 to be movable in the Z direction 
with respect to the X-Y table 22. 

The restoring unit 30 has a function of preventing 
clogging of each nozzle of the ink-jet head IJH and re- 
moving an ink or dust adhering to each nozzle surface 
of the ink-jet head IJH to always allow a proper ink dis- 
charging operation, and a function of preventing the 
manufacture of a defective product by preventing dust 
adhering to each nozzle surface from falling onto a glass 
substrate during a coloring operation. Fig. 1 2 shows the 
arrangement of the restoring unit 30. 

Reference numerals 31 a, 31 b, and 31 c denote caps 
corresponding to the red, green, and blue heads 120a, 
1 20b, and 1 20c of the ink-jet head IJH. While the ink-jet 
heads 120a, 120b, and 120c are not performing color 
filter coloring operations with respect to the glass sub- 
strate 1 , the caps 31a, 31b, and 31c respectively cover 
the nozzle surfaces of the ink-jet heads 120a, 120b, and 
120c to prevent the heads from being incapable of dis- 
charging the inks. Assume that the discharging opera- 
tions of the ink-jet heads 120a, 120b, and 120c are re- 
sumed after a predetermined idle time. In this case, 
even if the above caps 31a, 31b, and 31c are used, ow- 
ing to the influence of an increase in the viscosity of each 
ink, a discharge failure or twisting may occur in discharg- 
ing first some inks. That is, first some inks to be dis- 
charged from one nozzle may not be discharged or may 
curve through the air. In this case, after not less than a 
predetermined amount of ink is discharged, a normal 
state is restored, and the ink is discharged straight. If 
such a failure occurs while the glass substrate 1 is color- 
ed, some pixels cannot be colored, or the ink does not 
land at correct positions, resulting in a defective product. 
In order to prevent such a phenomenon, a predeter- 
mined amount of ink is discharged from each head, i.e., 
a pre-discharging operation is performed, before the 
glass substrate 1 is colored. 

In this embodiment, this pre-discharging operation 
is performed by using the caps. However, dedicated ink- 
receiving portions for pre-discharging may be formed in 
other portions. 

The caps 31 a, 31 b, and 31 c also have a function of 
capping the ink-jet heads 120a, 1 20b, and 120c and re- 
ceiving inks from the respective nozzles so as to prevent 
the nozzles from discharging excessive amounts of inks 
when an operation (pressuring/restoring operation) of 
keeping the ink-jet heads 1 20a, 1 20b, and 1 20c in a nor- 
mal state is to be performed by periodically pressuring 
or circulating inks from the ink supply side to the ink-jet 
•heads 120a, 120b, and 120c*usfiTg arTTrik pressuring 
motor (not shown) and forcibly discharging bubbles and 
dust, which cause discharge failures, from the nozzles. 

Reference numerals 32a, 32b, and 32c denote 
blades for wiping the nozzle surfaces. Each blade pref- 
erably has water absorption property. As shown in Fig. 
14, with the operation of the restoring unit 30 in the X 
direction, the blades 32a, 32b, and 32c wipe off the ink 
adhering to the nozzle surfaces of the ink-jet heads 
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120a, 120b, and 120c or ink mists which are produced 
upon discharging of inks and adhere to the nozzle sur- 
faces. 

Reference numeral 33 denotes a restoring pail dis- 

5 posed below the caps 31 a, 31 b, and 31 c and the blades 
32a, 32b, and 32c to prevent inks leaking from the caps 
or cap and blade cleaning solutions (to be described lat- 
er) from leaking into the apparatus. Inks and cleaning 
solutions stored in the restoring pail 33 are guided into 

10 a drainage bath 37. The restoring pail 33 is designed to 
operate integrally with the caps 31a, 31b, and 31c and 
the blades 32a, 32b, and 32c. When a capping operation 
in the Z direction and a wiping operation in the X direc- 
. tion are performed, the restoring pail 33 operates in the 

is same manner as the caps 31a, 31b, and 31c, and the 
blades 32a, 32b, and 32c. 

Reference numerals 34a, 34b, and 34c denote 
open valves. One end of each open valve communi- 
cates with a corresponding one of the caps 31a, 31b, 

20 and 31 c via tubes. The other end of each open valve is 
set at the atmospheric pressure. The caps 31 a, 31 b, and 
31 c are made of rubber and pressed against the respec- 
tive heads with a force of about 1 kgf or more, and then 
the volume of each cap decreases. The internal pres- 

25 sure of each cap exceeds the atmospheric pressure. As 
a result, an ink in each nozzle is pushed into each ink- 
jet head, causing a discharge failure. The open valves 
34a, 34b, and 34c are arranged to prevent such a phe- 
nomenon. Each open valve is closed in a normal oper- 

30 ation. Before a capping operation, each open valve is 
opened. By keeping each open valve closed after a cap- 
ping operation, the inside of each cap can be kept at the 
atmospheric pressure. 

Reference numeral 35 denotes a cap suction pump 

35 for sucking an ink stored in each cap in a pressuring/ 
restoring operation, and sucking an ink pre-discharged 
into each cap. The cap suction pumps 35 are respec- 
tively connected to the caps 31 a, 31 b, and 31 c via tubes. 
The sucked inks are discharged into the drainage bath 

40 37. 

Reference numeral 36 denotes blade suction 
pumps 36 for sucking water absorbed by the blades 32a, 
32b, and 32c each made of a material having water ab- 
sorption property, and sucking inks absorbed in a wiping 

45 operation. The blade suction pumps 36 are respectively 
connected to the blades 32a, 32b, and 32c via tubes. 
The absorbed water and inks are discharged into the 
drainage bath 37. The water and inks discharged into 
the drainage bath 37 are discharged outside the appa- 

so ratus altogether. 

Reference numeral 38 (see Fig. 12) denotes a 
washing water tank for storing washing water for wash- 
ing the caps 31a, 31 b, and 31c and the blades 32a, 32b, 
and 32c. When a washing water supply valve 39 is 

55 opened, washing water is sprayed from each washing 
water supply nozzle 40. Referring to Fig. 11, these 
washing water supply nozzles 40 are positioned imme- 
diately above the restoring unit 30 when the ink-jet head 
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IJH (120a, 120b, and 120c) completely colors the glass 
substrate 1 . 

Reference numeral 41 (see Fig. 12) denotes a 
washing water replenishment valve for replenish wash- 
ing water into the washing water tank 38. When a wash- 
ing water residue detection sensor 42 detects that the 
amount of washing water in the washing water tank 38 
becomes small, the washing water replenishment valve 
41 is kept open for a predetermined period of time to 
replenish washing water into the washing water tank 38. 
As this washing water, distilled water obtained by re- 
moving impurities from tap water is used. 

Fig. 15 shows the structure of the ink-jet head IJH 
for discharging an ink onto the resin composition layer 
3. Since these three ink-jet heads 120a, 120b, and 120c 
have the same structure, Fig. 15 shows the structure of 
one of them as a representative. 

Referring to Fig. 15, the ink-jet head IJH mainly 
comprises a heater board 104 as a board on which a 
plurality of heaters 102 for heating an ink are formed, 
and a ceiling plate 106 mounted on the heater board 
104. A plurality of discharging openings 108 are formed 
in the ceiling plate 106. Tunnel-like fluid passages 110 
communicating with the discharging openings 108 are 
formed therebehind. The respective fluid passages 110 
are isolated from the adjacent fluid passages via parti- 
tion walls 112. The respective fluid passages 110 are 
commonly connected to one ink chamber 11 4 at the rear 
side of the fluid passages. An ink is supplied to the ink 
chamber 114 via an ink inlet 117. This ink is supplied 
from the ink chamber 114 to each fluid passage 110. 

The heater board 104 and the ceiling plate 106 are 
positioned such that the position of each heater 102 co- 
incides with that of a corresponding fluid passage 110, 
and are assembled into the state shown in Fig. 15. Al- 
though Fig. 15 shows only two heaters 102, the heater 
102 is arranged in correspondence with each fluid pas- 
sage 110. When a predetermined driving signal is sup- 
plied to the heater 102 in the assembled state shown in 
Fig. 1 5, an ink above the heater 1 02 is boiled to produce 
a bubble, and the ink is pushed and discharged from the 
discharging opening 108 upon volume expansion of the 
ink. 

Fig. 1 6 is a block diagram showing the arrangement 
of the color filter manufacturing apparatus of this em- 
bodiment. 

Referring to Fig. 1 6, X- and Y-direction driving mo- 
tors 56 and 58 for driving the X-Y table 22 in the X and 

Y directions are connected to a CPU 50 for controlling 
the overall operation of the manufacturing apparatus via 
X and Y motor driving circuits 52 and 54. A Z-direction 
driving motor 59 for driving the restoring unit 30 in the 
Z direction is connected to the CPU 50 via a Z motor 
driving circuit 55. 

The ink-jet head IJH is also connected to the CPU 
50 via a head driving circuit 60. Furthermore, X and Y 
encoders 62 and 64 for detecting the position of the X- 

Y table 22 is connected to the CPU 50. With this ar- 



rangement, position information of the X-Y table 22 is 
input to the CPU 50. In addition, a control program in a 
program memory 66 is input to the CPU 50. The CPU 
50 moves the X-Y table 22 in accordance with this con- 

5 trol program and position information from the X and Y 
encoders 62 and 64. With this operation, a desired grat- 
ing frame (pixel) on the glass substrate 1 is brought to 
a position below the ink-jet head IJH, and an ink having 
a desired color is discharged into the pixel to color it, 

10 thereby coloring the glass substrate 1 . A color filter is 
manufactured by performing this operation for each pix- 
el. Every time coloring of one glass substrate 1 is com- 
pleted, the restoring unit 30 mounted on an end portion 
of the X-Y stage 22 is moved to a position immediately 

is below the ink-jet head IJH, and the blades 32a, 32b, and 
32c are moved in the X direction by the X-direction driv- 
ing motor 56 to perform a wiping operation. In addition, 
the caps 31 a, 31 b, and 31 c are moved in the Z direction 
by the Z-direction driving motor 59 to perform a pre-dis- 

20 charging operation. Meanwhile, the colored glass sub- 
strate 1 is replaced with a new glass substrate 1 by a 
substrate convey unit (not shown). 

The operation of the color filter manufacturing ap- 
paratus of this embodiment will be described next with 

25 reference to Fig. 17. 

In step S1 , inks are discharged from the ink-jet head 
IJH onto the glass substrate 1 to color one glass sub- 
strate 1 . When coloring of one substrate is completed, 
the X-Y stage 22 is operated to move the restoring unit 

30 30 to the position of each washing water supply nozzle 
40, and washing water is sprayed against the blades 
32a, 32b, and 32c, thereby washing the blades (step 
S2). The X-Y stage 22 is then moved to move the re- 
storing unit 30 to the position of the ink-jet head IJH (step 

35 S3). If it is determined in step S4 that the number of 
colored substrates is less than a predetermined number, 
a normal wiping operation is performed by using the 
blades 32a, 32b, and 32c to wipe off ink mists adhering 
to the nozzle surfaces (step S5). If it is determined in 

40 step S4 that not less than a predetermined number of 
substrates are colored, a pressuring/restoring operation 
is performed to remove an ink with increased viscosity 
in each nozzle and bubbles in the ink chamber (step S6). 
In this embodiment, every time 30 glass substrates are 

45 cobred, a pressuring/restoring operation is performed. 
This pressuring/restoring operation is performed only to 
discard inks without using them for a coloring operation, 
and requires an increase in the number of steps, de- 
manding a corresponding period of time. For this rea- 

50 son, the number of times-this operation is performed is 
preferably minimized. 

When a pressuring/restoring operation is per- 
formed, an ink adheres to the nozzle surfaces. For this 
reason, a wiping operation for a pressuring operation is 

55 performed afterward (step S7). Since the ink discharged 
from the nozzles adheres to the caps in the pressuring/ 
restoring operation (step S6), a cap washing operation 
is performed (step S8). It is checked whether the color- 
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ing operation is terminated for maintenance of the ap- 
paratus or the like (step S9). If it is determined that the 
coloring operation is terminated, the capping operation 
and the like are terminated (step S12) to terminate the 
coloring operation. If it is determined that the coloring 
operation is continued, the ink-jet heads 120a, 120b, 
and 1 20c are capped, and each ink-jet head performs 
a pre-discharging operation to discharge a predeter- 
mined number of inks (step S10). Thereafter, a cap 
washing operation is performed to wash away the inks 
pre-discharged and adhering to the caps (step S11). 
While these restoring operations are performed, the 
colored substrate is replaced with a new substrate, and 
the next coloring operation is performed. This process 
is repeated. 

Characteristic features of the present invention in 
coloring a glass substrate will be described next with ref- 
erence to Figs. 18 and 19. 

Each of the heads 1 20a, 1 20b, and 1 20c of the ink- 
jet head IJH in Fig. 18 has 512 effective nozzles, and a 
nozzle pitch of 70.5 urn. That is, each ink-jet head has 
a resolution of 360 dpi. As shown in Fig. 9, according to 
the color filter of this embodiment, the pixels of each 
color are arranged at a pitch of 300 u. m. Since the pixel 
pitch is different from the nozzle pitch of the ink-jet head 
IJH, every five nozzles of the ink-jet head IJH are used. 
That is, as shown in Fig. 1 8, only 1 20 nozzles of the 51 2 
nozzles of the ink-jet head IJH are used. For this reason, 
the ink-jet head IJH is tilted at 31 .672°, as shown in Fig. 
18. Fig. 19 shows the positional relationship between 
the pixels of the respective colors and the nozzles of the 
ink-jet head IJH. Of the nozzles 108 of each of the ink- 
jet heads 1 20a, 120b, and 1 20c, only every five nozzles 
indicated by the solid lines are located above the pixels 
of the corresponding colors. The remaining nozzles in- 
dicated by the broken lines are located outside the pixels 
of the corresponding colors. That is, the nozzles indicat- 
ed by the solid lines are substantially arranged at a pitch 
of 300 u/n in the Y direction. Since the nozzles of each 
of the ink-jet heads 120a, 120b, and 120c are arranged 
at 70.5-pm intervals, every five nozzles of the nozzles 
indicated by the broken lines are also arranged at a pitch 
of 300 ujti in the Y direction. 

The process of manufacturing a color filter having 
an effective display area like the one shown in Fig. 10, 
i.e., coloring pixels of the respective colors like those 
shown in Fig. 9, by using the ink-jet head IJH having the 
nozzles 108 arranged in the above manner will be de- 
scribed next. As described above, the ink-jet head IJH 
is positioned at an angle of 31 .672° with respect to the 
glass substrate 1 . As shown in Fig. 1 9, the respective 
ink-jet heads are shifted from each other by 100 ujti in 
the Y direction such that every five nozzles of each ink- 
jet head IJH are positioned above corresponding pixels. 
In this case, the ink-jet heads 120a, 120b, an 120c have 
the same structure regardless of the colors of inks. In 
the actual manufacturing apparatus, the ink-jet heads 
are fixed, and a glass substrate is moved. However, Fig. 



18 shows a state wherein the glass substrate is fixed, 
and the ink-jet heads are moved. Since the ink-jet heads 
and the glass substrate relatively move, it makes no dif- 
ferenc ewhether the glass substrate is fixed or mov ed. 

5 As shown in Fig. 18, the width of a portion at which 
each head can color by one scanning operation-corre- 
sponds to 102 pixels, which correspond to 1/5 the 512 
nozzles. The distance between the centers of the pixels 
on the two en ds is 3 0.3 mm . That is, the entir e effective 

10 /display area|of the glass substrate cannot be colored b y 
o ne scanning operation in the X direction . For this rea- 
son, as shown in Fig. 18, a fter the ink-jet head IJH is 
scanned on the glass substrate once in the X direction , 
thi e ink-iet head is relatively moved by 30.6 mm irTthe Y 

15 direction, and is scanned again in the X cfirection . This 
operation is repeated once to colcrjthe^^ej^ective 
display area of the gjass s ubstrate. Meanwhile, each of 
the ln>jeTrieaa^T20a, 120b, and 120c is controlled 
such that only every five nozzles are always used. 

20 At this time, as shown in Fig. 20, with regard to one 
pixel, a plurality of inks are continuously discharged 
from the same nozzle to cover the entire area of a frame 
of the black matrix 2 such that the center of each ink 
falls within the frame. 

25 in a pre-discharging operation in step S10 in Fig. 
1 7, which is performed before coloring of one glass sub- 
strate is started, the ink-jet head IJH is normally control- 
led to cause only the nozzles used for a coloring oper- 
ation to perform a pre-discharging operation. In this em- 

30 bodiment, since a pressuring/restoring operation of dis- 
charging the ink from all the nozzles is performed every 
time 30 glass substrates are colored, the nozzles which 
are not used for a coloring operation are not used at all 
during such coloring operations. If a nozzle is not used 

35 for a certain period of time, an ink may solioj^and clog 
up the nozzle. In this case, the nozzle may not be re- 
stored by a pressuring/restoring operation. For this rea- 
son, in this embodiment, all the nozzles are caused to 
perform a pre-discharging operation every time 10 sub- 

40 strates are colored. 

With this operation, a pressuring/restoring opera- 
tion which consumes an ink can be performed at longer 
intervals. In addition, since only the nozzles to be used 
are caused to perform a discharging operation in a nor- 

45 mal operation, the amount of ink consumed in restoring 
operations can be minimized. Furthermore, by decreas- 
ing the number of times a pressuring/restoring operation 
is performed, the number of substrates colored per unit 
time can be increased. By making use of the nozzles 

50 which are not used for coloring operations in this man- 
ner, even if the service lives of every five nozzles used 
for coloring operations expire, this ink-jet head can be 
used again by arranging the remaining nozzles to allow 
them to be used for coloring operations. 

55 

(Second Embodiment) 

Figs. 21 and 22 are views each showing the nozzle 
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arrangement of an ink-jet head IJH in a color filter man- 
ufacturing apparatus according to the second embodi- 
ment of the present invention. 

Fig. 21 shows the nozzle arrangement constituted 
by two arrays of nozzles. The nozzles are arranged at 
a pitch of 70.5 u/n, i.e., a resolution of 360 dpi, in the 
longitudinal direction of the head. 

When this head is used for coloring of a color filter 
having pixels of each color arranged at a pitch of 300 
|im as in Fig. 9, every six nozzles indicated by the thick 
solid lines are used, and the head is tilted at 44.829°. 

Fig. 22 shows the nozzle arrangement constituted 
by three arrays of nozzles. The nozzles are arranged at 
a pitch of 70.5 \im, i.e., a resolution of 360 dpi, in the 
longitudinal direction of the head. 

When this head is used for coloring of a color filter 
having pixels of each color arranged at a pitch of 300 
urn as in Fig. 9, every six nozzles indicated by the thick 
solid lines are used, and the head is tilted at 44.829°, 
as in the case shown in Fig. 21 . 

With the ink-jet heads having the above nozzle ar- 
rangements as well, the same effects as described 
above can be obtained by performing discharge control 
in the same manner as in the above embodiment. 

(Third Embodiment) 

A color filter manufacturing apparatus of the third 
embodiment has the same arrangement as that of the 
first embodiment. The third embodiment is character- 
ized by its control method. For this reason, a description 
of the apparatus will be omitted, and the third embodi- 
ment will be described with reference to the drawings 
used to described the first embodiment. 

As shown in Fig. 18, the wi dth of a portion whic h 
e ach head can color by one scanning operation cor re- 
s ponds to 102 pixels, which correspond to 1/5 the 512 
nozzles. The distance between the centers of the pixels 
on the two ends is 30.3 mm. That is, the e ntire effectiv e 
dis play area of the olass _s ubstrate cannot be coloredb v 
o ne scanning opera tio n in the X dire ction. For this rea- 
son, as s hown in Fig. 18 , after an ink-jet head IJH is 
scanned o n the glass su^ atfijQBceTnlhe^ 
the ink-j et head is re la tively moved by 30.6 mm in the Y 
direction to position the nozzles used for the previou s 
sc anning operation above the corresponding pixels so 
as to discharge the ink from the same nozzles as those 
used in the previous scanning operation. Meanwh ile, 
the ink-jet head is scan ned a gai n in the J^ djrection. As 
shown in Fig. 18, after the second scanning operation, 
a 28-pixel portion of each color is left uncolored. The 
ink-jet head IJH is therefore relatively moved in the Y 
direction to position the nozzles used in. the previous 
scanning operation above the corresponding pixels, and 
each head is scanned again in the X direction to color 
the entire effective display area of the glass substrate 
by using 28 nozzles of the nozzles used in the previous 
scanning operation. An X-Y stage 22 is moved to move 



each head in the Y direction immediately after coloring 
of the last pixel in one scanning operation so as to 
change the position of each head relative to the glass 
substrate between scanning operations. Meanwhile, 
each of ink-jet heads 1 20a, 1 20b, and 1 20c is controlled 
to always use only every five nozzles. 

At this time, as shown in Fig. 20, with regard to one 
pixel, a plurality of inks are continuously discharged \ 
from the same nozzle to cover the entire area of a frame 
of the black matrix 2 such that the center of each ink 
falls within the frame. 

As described above, the nozzles which are not used 
in the previous scanning operation are not used in the 
succeeding scanning operation, but the nozzles which 
are used in the previous scanning operation are always 
used in the succeeding scanning operation. For this rea- 
son, all the nozzles used for a coloring operation are in 
an idle state for only a short period of time, and hence 
each head is kept in a state in which it can stably dis- 
charge an ink. Therefore, a high-quality coloring opera- 
tion can always be performed. In addition, since the 
heads need not be relatively moved to the positions of 
the caps or portions for receiving pre -discharged inks 
so as to perform a pre-discharging operation, the color- 
ing time per substrate can be shortened, and the pro- 
duction per unit time increases, realizing a reduction in 
the cost of a color filter. 

With the ink-jet heads having the above nozzle ar- 
rangements shown in Figs. 21 and 22 as well, the same 
effects as described above can be obtained by perform- 
ing discharge control in the same manner as in this em- 
bodiment. 

In this embodiment, a coloring operation is per- 
formed by using the maximum number of nozzles which 
can be used in the first to sixth scanning operations, and 
using only about 1/4 the nozzles in the remaining scan- 
ning operations. However, the same effects as de- 
scribed above can be obtained by using any combina- 
tion of the numbers of nozzles to be used as long as the 
nozzles which are used in the previous scanning oper- 
ation are always used in the succeeding scanning op- 
eration, and the number of nozzles used is decreased. 

(Fourth Embodiment) 

A color filter manufacturing apparatus of the fourth 
embodiment is the same as that of the first embodiment 
except for the numbers of heads and nozzles. Only the 
differences between the fourth and first embodiments 
will be described below. 

As shown in Fig. 23, the maximum width of a portion 
at which each head can color by one scanning operation 
corresponds to 272 pixels, which correspond to 1/5 the 
1 ,360 nozzles. The distance between the centers of the 
pixels on the two ends is 81.6 mm. That is, the entire 
effective display area of the glass substrate cannot be 
colored by one scanning operation in the X direction. 
For this reason, as shown in Fig. 23, after an ink-jet head 
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IJH is scanned on the glass substrate once in the X di- 
rection (scan 1), the ink-jet head is relatively moved by 
81.6 mm in the Y direction (step 1) to position the noz- 
zles used for the previous scanning operation above the 
corresponding pixels so as to discharge the ink from the 
same nozzles as those used in the previous scanning 
operation. Meanwhile, the ink-jet head is scanned again 
in the X direction (scan 2). As shown in Fig. 23, after the 
second scanning operation (scan 2), 96-pixe! portion of 
each color is left uncolored. The ink-jet head IJH is 
therefore relatively moved in the Y direction (step 2) to 
position the nozzles used in the previous scanning op- 
eration (scan 2) above the corresponding pixels, and 
each head is scanned again in the X direction (scan 3) 
to color the entire effective display area of the glass sub- 
strate by using 96 nozzles of the nozzles used in the 
previous scanning operation (scan 2). An X-Y stage 22 
is moved to move each head in the Y direction immedi- 
ately after cobring of the last pixel in one scanning op- 
eration so as to change the position of each head rela- 
tive to the glass substrate between scanning operations. 
Meanwhile, each ink-jet head IJH is controlled to always 
use only every five nozzles. 

Consider a nozzle 200 on the left end of an ink-jet 
head 120a in the case shown in Fig. 23. A thick solid 
line 201 indicates the distance the nozzle 200 has 
moved without discharging any ink between the first 
scanning operation (scan 1) and the second scanning 
operation (scan 2). The length of this thick solid line can 
be calculated as follows, provided that the distance be- 
tween the heads on the two ends in the scanning direc- 
tion is 48 mm: 

(95.598 x sin31 .672° + 48) x 2 + 81 .6 = 277.989 (mm) 

The case shown in Fig. 24 in the fourth embodiment 
of the present invention will be described next. 

In the case shown in Fig. 24 , the numbers of nozzles 
used in the respective scanning operations (including 
the last scanning operation) are set to be almost the 
same. That is, all the nozzles are divided into groups 
including almost the same number of nozzles such that 
214 nozzles are used for the first scanning operation 
(scan 1); 213 nozzles, for the second scanning opera- 
tion (scan 2); and 213 nozzles, for the third scanning 
operation (scan 3). Considera nozz l e 20 2 (to be used 
to discharge an ink) o n the left end of the ink-jet hea d 
1 20a, as in the case shown in Fig. 23. A thi ck solid Ji ne 
2 03 indicates the distance the nozzle 202 has moved 
witjTOUt_discharginQ any ink between the first srannino 
o peration (scan 1) and the second scannjng operatio n 
(scao_2). The length of this thick solid line can be calcu- 
lated as follows, provided that the distance between the 
heads on the two ends in the scanning direction is 48 
mm as in the case shown in Fig. 23: 



(75.153 xsin31 .672° + 48) x 2 + 64.2 = 239.119 (mm) 

As is apparent from this calculation, the distance 
s each ink discharging nozzle moves without discharging 
any ink between scanning operations in the case shown 
in Fig. 24 is shorter than that in the case shown in Fig. 
23. This means that the time during which each nozzle 
discharges no ink is shortened. If an ink in a given nozzle 
10 is kept in contact with air without being discharged, vol- 
atile components in the ink evaporate to increase the 
viscosity of the ink. As a result, a discharge failure, i.e., 
inability to discharge the ink, or twisting, i.e., inability to 
discharge the ink straight, may occur. In order to prevent 
is such a phenomenon, it is important to minimize the time 
during which the ink discharging nozzle is caused to 
stand without discharging any ink. 

Since the time during which the ink discharging noz- 
zle is in contact with air between scanning operations is 
20 shorter than that in the case shown in Fig. 23, a dis- 
charge failure and twisting occur less frequently. That 
is, there is provided a color filter manufacturing appara- 
tus which stabilizes the discharging operation of each 
ink-jet head, and suppresses the occurrence of defec- 
ts tive products, thereby attaining an increase in yield. 

With the ink-jet heads having the above nozzle ar- 
rangements shown in Figs. 21 and 22 as well, the same 
effects as described above can be obtained by perform- 
ing discharge control in the same manner as in this em- 
30 bodiment. 

In each of the cases shown in Figs. 23 and 24, one 
screen is colored by performing a scanning operation 
three times. However, the present invention is not limit- 
ed to this. A scanning operation may be performed four 
35 or more times. This embodiment is especially effective 
for a case wherein an area which can be colored by one 
scanning operation is slightly less than a fraction of an 
integer of one screen, and one screen is colored by 
three or more scanning operations. 

40 

(Fifth Embodiment) 

Each ink-jet head used in the fifth embodiment has 
nozzles arranged at a pitch of 70.5 um. The nozzle array 
45 is tilted in a scanning direction, and for example, every 
six nozzles are used to color pixels of the same color. A 
color filter manufactured by the apparatus of this em- 
bodiment has the same color pattern as that shown in 
Fig. 9. 

50 Fig. 25 shows the arrangement of the color filter 
manufacturing apparatus of the fifth embodiment. Ref- 
erence numeral 301 denotes a drawing image (the pixel 
array pattern of a color filter) which is data indicating the 
relative position relationship between ink dots to be 

55 formed on a substrate 1 ; and 302, a nozzle switching 
signal for designating a switching operation for nozzles 
corresponding to the respective pixels of the color filter. 
A nozzle group switching method will be described in 
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detail with reference to Figs. 25 and 1 . Assume that the 
second, seventh, and twelfth nozzle groups, counted 
from the right end, are being used. In this case, sequen- 
tial use of nozzle groups is easy to perform. TTiat is, the 
third, eighth, and thirteenth nozzle groups are used for 
the next operation, and the fourth, ninth, and fourteenth 
nozzle groups for the still next operation. However, an- 
other switching method may be used. In addition, a noz- 
zle group switching operation is performed when the 
service lives of the currently used nozzles expire. For 
example, the service life of each nozzle is based on the 
operating time of one nozzle group. When the operating 
time of one nozzle group reaches a predetermined time, 
it is determined that the service life has expired. Refer- 
ence numeral 303 denotes a drawing data generator for 
generating drawing data as data indicating the absolute 
position of each ink dot on a substrate by relating each 
pixel on the substrate with a corresponding nozzle in ac- 
cordance with a nozzle switching signal. In this case, 
upon switching of nozzles, a change in the position of 
each nozzle after the nozzle switching operation is cal- 
culated from known data associated with a nozzle ar- 
rangement, and the position of a stage 308 is changed 
in accordance with the calculated change in forming 
each ink dot before and after the nozzle switching oper- 
ation. Reference numeral 304 denotes a driver for driv- 
ing an ink-jet head 305 and feeders 306 and 307 in ac- 
cordance with the drawing data to form ink dots corre- 
sponding to the drawing data on the substrate 1. The 
ink-jet head 305 includes a red head 305a for discharg- 
ing a red ink, a green head 305b for discharging a green 
ink, and a blue head 305c for discharging a blue ink. The 
feeders 306 and 307 respectively move the position of 
the 's"tage" 308 in th e X and V direc tions in accordance 
wit h~a~slgnal from the driver 304 . The stage 308 h olds 
the substrate 1 to be"colored. W ith the above arrange- 
ment, a d rawing patt ern 310c orrespondinQtothedraw - 
ing image301 is forTraRrbTTthe substra te 1 . 

In this embodiment, a change in the pc^itional rela- 
ti onship between a substrate and each drawing head , 
whichoccujgjj pon nozzle switching an dcQUBSQgndslQ 
a n offset amount of each nozzle position, is estimate d 
from known data associated with a nozzle arrangement. 
However, the positional relationship between ink dots 
actually formed by the respective nozzles may be meas- 
ured by using an image processing apparatus. 

In many actual configurations, the nozzle switching 
signal 302 and the drawing data generator 303 are re- 
alized as the function of one or a plurality of computers 
connected to each other. 

In this embodiment, the means for switching nozzl e 
gr oups to be used corresponds to the nozzle switching 
s ignal 302 ancL the drawing data_generator 303 , the 
m eans for estimating or m easuring a change in the po- 
sitional rel ationsj jp_bejw£eJ3irje^ 
eachTiozzle of each ink-jet hea d, which corresponds to 
aTfoffset amount of each nozzle, corresponds to the 
drawing data generator 303, and the m eans for chang- 



in g the positional relationshi p Jj^jweejL the substrate 1 
a nd each ink-jet head (nozzle) corresponds to the_ draw- 
ing jiata gene r ator 303, the driver 304, and the feed ers 
306 and 307. 

5 

(Sixth Embodiment) 

Fig. 26 shows the arrangement of a color filter man- 
ufacturing apparatus of the sixth embodiment. In the fifth 

10 embodiment, detection of a defective nozzle and nozzle 
switching are externally performed. In contrast to this, 
in this embodiment, a discharge count calculator 311 is 
used to calculate the number of times each nozzle dis- 
charges an ink on the basis of the operating time of the 

15 nozzle and the number of times the nozzle discharges 
the ink per unit time, thereby estimating a defective noz- 
zle and performing nozzle switching. 

In this embodiment, a defective nozzle is estimated 
by calculating the number of times each nozzle dis- 

20 charges an ink on the basis of the operating time of the 
nozzle and the number of times the nozzle discharges 
the ink per unit time. However, the number of times each 
nozzle discharges an ink may be directly measured, or 
an image processing apparatus or the like may be used 

25 to detect a defective nozzle on the basis of the state of 
each ink dot. 

In this embodiment, since nozzle switching is auto- 
matically performed, labor saving can be easily realized, 
and a continuous operation can be performed for a long 
30 period of time, as compared with the fifth embodiment. 

(Seventh Embodiment) 

Fig. 27 shows the arrangement of a color filter man- 
as ufacturing apparatus of the seventh embodiment In this 
embodiment, the temperature distribution of each noz- 
zle of each ink-jet head is measured, and nozzle switch- 
ing is performed in accordance with the 5 measurement 
result. 

40 In the color filter manufacturing apparatus, the lay- 
outs of ink dots drawn in coloring operations are identi- 
cal to each other, and a change in the temperature of 
each nozzle in use exhibits almost a constant pattern. 
In addition, temperature environments such as external 

45 temperatures are almost constant in many instances. 
For this reason, the temperature of each nozzle can be 
estimated from the operating time of the nozzle. In this 
embodiment, the temperature of each nozzle is actually 
measured to perform nozzle switching. However, almost 

50 the same effect can be obtained by using a method of 
performing nozzle switching at predetermined intervals 
without actually measuring the temperature of each noz- 
zle. 

In the above embodiments, since a rise in the tem- 
55 perature of each nozzle is suppressed, a discharge fail- 
ure due to scorching of an ink or the (ike can be prevent- 
ed. In addition, since an idle time is set for each nozzle 
after a predetermined operating time, the service life of 
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the nozzle is prolonged. 

In the above embodiments, the black matrix 2 is 
formed on the substrate 1 . However, the present inven- 
tion is not limited to this. For example, in Figs. 3Ato 3F, 
the black matrix 2 may be formed on the other substrate 
which opposes the glass substrate 1 . In this case, an 
ink is discharged into the frame of each portion 5 having 
no affinity for an ink in Fig. 2D. 

In the above embodiments, as each ink-jet head, a 
bubble-jet type ink-jet head is used, in which an ink on 
the heater 102 is boiled to produce a bubble, and the 
ink is pushed and discharged from the discharging 
opening 108 upon volume expansion of the bubble. 
However, the present invention is not limited to this. For 
example, an ink-jet head using a piezoelectric element 
may be used. 

According to the above description, the present in- 
vention is applied to the print apparatus of the system, 
among various ink-jet recording systems, which has a 
means (e.g., an electrothermal converter or laser light) 
for generating heat energy as energy used to discharge 
an ink, and changes the state of an ink by using the heat 
energy. According to this system, a high-density, high- 
definition recording operation can be realized. 

As for the typical structure and principle, it is pref- 
erable that the basic structure disclosed in, for example, 
U.S. Patent No. 4,723,129 or 4,740,796 is employed. 
The above method can be adapted to both a so-called 
on-demand type apparatus and a continuous type ap- 
paratus. In particular, a satisfactory effect can be ob- 
tained when the on-demand type apparatus is employed 
because of the structure arranged in such a manner that 
one or more drive signals, which rapidly raise the tem- 
perature of an electrothermal converter disposed to face 
a sheet or a fluid passage which holds the fluid (ink) to 
a level higher than levels at which film boiling takes 
place are applied to the electrothermal converter in ac- 
cordance with recording information so as to generate 
heat energy in the electrothermal converter and to 
cause the heat effecting surface of the recording head 
to take place film boiling so that bubbles can be formed 
in the fluid (ink) to correspond to the one or more drive 
signals. The enlargement/contraction of the bubble will 
cause the fluid (ink) to be discharged through a dis- 
charging opening so that one or more inks are formed. 
If a pulse shape drive signal is employed, the bubble 
can be enlarged/contracted immediately and properly, 
causing a further preferred effect to be obtained be- 
cause the fluid (ink) can be discharged while revealing 
excellent responsibility. 

It is preferable that a pulse drive signal disclosed in 
U.S. Patent No. 4,463,359 or 4,345,262 is employed. If 
conditions disclosed in U.S. Patent No. 4,31 3, 124 which 
is an invention relating to the temperature rising ratio at 
the heat effecting surface are employed, a satisfactory 
recording result can be obtained. 

As an alternative to the structure (linear fluid pas- 
sage or perpendicular fluid passage) of the recording 
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head disclosed in each of the above inventions and hav- 
ing an arrangement that discharge ports, fluid passages 
and electrothermal converters are combined, a struc- 
ture having an arrangement that the heat effecting sur- 

5 face is disposed in a bent region and disclosed in U.S. 
Patent No. 4,558,333 or 4,459,600 may be employed. 
In addition, the following structures may be employed: 
a structure having an arrangement that a common slit 
is formed to serve as a discharge section of a plurality 

10 of electrothermal converters and disclosed in Japanese 
Patent Laid-Open No. 59-123670; and a structure dis- 
closed in Japanese Patent Laid-Open No. 59-138461 in 
which an opening for absorbing pressure waves of heat 
energy is disposed to correspond to the discharge sec- 

is tion. 

Furthermore, as a recording head of the full line type 
having a length corresponding to the maximum width of 
a recording medium which can be recorded by the re- 
cording apparatus, either the construction which satis- 

20 fies its length by a combination of a plurality of recording 
heads as disclosed in the above specifications or the 
construction as a single full line type recording head 
which has integrally been formed can be used. 

In addition, the invention is effective for a recording 

25 head of the freely exchangeable chip type which ena- 
bles electrical connection to the recording apparatus 
main body or supply of ink from the main device by being 
mounted onto the apparatus main body, or for the case 
by use of a recording head of the cartridge type provided 

30 integrally on the recording head itself. 

It is preferred to additionally employ the recording 
head restoring means and the auxiliary means provided 
as the component of the present invention because the 
effect of the present invention can be further stabled. 

35 Specifically, it is preferable to employ a recording head 
capping means, a cleaning means, a pressurizing or 
suction means, an electrothermal converter, an another 
heating element or a sub-heating means constituted by 
combining them and a sub-emitting mode in which an 

40 emitting is performed independently from the recording 
emitting in order to stably perform the recording opera- 
tion. 

Although a fluid ink is employed in the above em- 
bodiments of the present invention, an ink which is so- 

45 lidified at the room temperature or lower, or an ink which 
is softened or liquified at the room temperature may be 
used. That is, any ink which is liquified when a recording 
signal is supplied may be used. 

Furthermore, an ink which is solidified when it is 

50 caused to stand, and liquified when heat energy is sup- 
plied in accordance with a recording signal can be 
adapted to the present invention to positively prevent a 
temperature rise caused by heat energy by utilizing the 
temperature rise as energy of state transition from the 

55 solid state to the liquid state or to prevent ink evapora- 
tion. In any case, an ink which is liquified when heat en- 
ergy is supplied in accordance with a recording signal 
so as to be discharged in the form of fluid ink, or an ink 
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which is liquified only after heat energy is supplied, e. 
g., an ink which starts to solidify when it reaches a re- 
cording medium, can be adapted to the present inven- 
tion. In the above case, the ink may be of a type which 
is held as fluid or solid material in a recess of a porous 
sheet or a through hole at a position to face the electro- 
thermal converter as disclosed in Japanese Patent Laid- 
Open No. 54-56847 or Japanese Patent Laid-Open No. 
60-71260. It is the most preferred way for the ink to be 
adapted to the above film boiling method. 

As has been described above, according to the 
present invention, since an ink-jet head used in a gen- 
eral printer or an ink-jet head having a simple modifica- 
tion is used as an ink-jet head used to manufacture a 
color filter, a reduction in the cost of an ink-jet head can 
be attained. A reduction in the cost of a manufacturing 
apparatus can therefore be attained. In addition, the 
manufacturing cost per color filter can be reduced. 

Since the amount of each ink used per color filter 
can be reduced, a more inexpensive color filter, a dis- 
play device using the color filter, and an apparatus using 
the display device can be provided. 

When one glass substrate is to be colored by per- 
forming a plurality of scanning operations, the discharg- 
ing operation of each ink-jet head can be stabilized, and 
the occurrence of defective products can be sup- 
pressed. In addition, the color time required for one 
glass substrate can be shortened to increase the pro- 
duction per unit time. Therefore, a color filter manufac- 
turing method and apparatus which can manufacture a 
color filter at a lower cost can be provided. 

There is provided a color filter manufacturing appa- 
ratus which can stabilize the discharging operations of 
ink-jet heads, each having discharging nozzles ar- 
ranged at a pitch matching with a pixel pitch, and sup- 
press the occurrence of defective products to attain an 
increase in yield by shortening the idle time between 
scanning operations, during which each discharging 
nozzle of each ink-jet head discharges no ink, when the 
ink-jet heads are to be relatively scanned a plurality of 
numbers of times to color one substrate. 

In addition, in each ink-jet head, nozzles to be used 
can be switched. Even if a failure occurs in a nozzle in 
use, the manufacture of a color filter can be continued 
by using another nozzle. 

Furthermore, since the service life of each ink-jet 
head is prolonged as compared with a conventional ink- 
jet head used for a color fitter, the frequency in replacing 
ink-jet heads decreases. 

Moreover, the size and color density of each ink dot 
can be kept constant. According to the present inven- 
tion, since a rise in the temperature of each nozzle is 
suppressed, a discharge failure due to scorching of an 
ink or the like can be prevented. In addition, since an 
idle time is set for each nozzle after a predetermined 
operating time, the service life of the nozzle is pro- 
longed. 

The present invention is not limited to the above em- 



bodiments and various changes and modifications can 
be made within the spirit and scope of the present in- 
vention. Therefore, to apprise the public of the scope of 
the present invention the following claims are made. 



Claims 

1. A manufacturing apparatus for a color filter manu- 
10 factured by forming and arranging many pixels 
colored in the same color on a substrate in an X- 
axis direction as one direction, and periodically 
forming and arranging pixels such that pixels adja- 
cent to each other in a Y-axis direction perpendicu- 
is lar to the X-axis direction are colored in different 
colors, comprising: 

a plurality of ink-jet heads for different colors, 
each having a plurality of ink discharging noz- 
zles arranged in the Y-axis direction, each ink- 
jet head having a first ink discharging nozzle 
group, in which a pitch of said plurality of ink 
discharging nozzles in the Y-axis direction is set 
to be equal to a pitch of the pixels of the same 
color in the Y-axis direction, and a second ink 
discharging nozzle group having a nozzle pitch 
set to be equal to the pixel pitch in the Y-axis 
direction like said first ink discharging nozzle 
group; 

moving means for moving the relative positions 
of said plurality of ink-jet heads and the sub- 
strate; and 

control means for controlling an operation of 
said moving means and ink discharging opera- 
tions of said plurality of ink-jet heads, 
wherein when said first ink discharging nozzle 
group is used to color the pixels, said second 
ink discharging nozzle group is not used to 
color the pixels, and said control means con- 
trols an ink discharging operation of only a noz- 
zle group, of said first and second ink discharg- 
ing nozzles, which is to be used to color pixels 
of corresponding colors on the substrate. 
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45 2. The apparatus according to claim 1 , wherein said 
control means performs control to perform a pre- 
discharging operation before said plurality of ink-jet 
heads color pixels of corresponding colors on the 
substrate. 

so . 

3. The apparatus according to claim 1 , wherein said 
control means performs control to cause only a noz- 
zle group, of said first and second ink discharging 
nozzle groups of each of said plurality of ink-jet 
55 heads, which is to be used to color pixels of corre- 
sponding colors on the substrate to perform a pre- 
discharging operation immediately before the pixels 
are colored. 
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4. The apparatus according to claim 1, wherein said 
control means selectively performs control to cause 
only a nozzle group, of said first and second ink dis- 
charging nozzle groups of each of said plurality of 
ink-jet heads, which is to be used to color pixels of 
corresponding colors on the substrate to perform a 
pre-discharging operation immediately before the 
pixels are colored, or to cause all nozzle groups in- 
cluding a nozzle group which is not used for a color- 
ing operation to perform a pre-discharging opera- 
tion immediately before the pixels are colored. 

5. The apparatus according to claim 1 , wherein said 
ink-jet head comprises an ink-jet head in which the 
number of nozzles of said first nozzle group other 
than said first nozzle group is equal to that of said 
second nozzle group. 

6. The apparatus according to claim 1, wherein said 
ink-jet head comprises an ink-jet head in which said 
first nozzle group and said second nozzle group 
other than said first nozzle group are arranged in a 
row. 

7. The apparatus according to claim 1 , wherein said 
ink-jet head comprises an ink-jet head in which all 
nozzles of said first nozzle group and said second 
nozzle group other than said first nozzle group are 
arranged at the same pitch in a nozzle column di- 
rection. 

8. The apparatus according to claim 1 , wherein said 
ink-jet head is a head for discharging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

9. A manufacturing method for a color filter manufac- 
tured by forming and arranging many pixels colored 
in the same color on a substrate in an X-axis direc- 
tion as one direction, and periodically forming and 
arranging pixels such that pixels adjacent to each 
other in a Y-axis direction perpendicular to the X- 
axis direction are colored in different colors, com- 
prising the steps of: 

using a plurality of ink-jet heads for different 
colors, each having a plurality of ink discharg- 
ing nozzles arranged in the Y-axis direction, 
each ink-jet head having a first ink discharging 
nozzle group, in which a pitch of said plurality 
of ink discharging nozzles in the Y-axis direc- 
tion is set to be equal to a pitch of the pixels of 
the same color in the Y-axis direction, and a 
second ink discharging nozzle group having a 
nozzle pitch set to be equal to the pixel pitch in 
the Y-axis direction like said first ink discharging 
nozzle group, moving means for moving the rel- 
ative positions of said plurality of ink-jet heads 



and the substrate, and control means for con- 
trolling an operation of said moving means and 
ink discharging operations of said plurality of 
ink-jet heads; 

5 said second ink discharging nozzle group for 

coloring of the pixels being not used when said 
first ink discharging nozzle group is used to 
color the pixels, and said control means con- 
trolling an ink discharging operation of only a 

10 nozzle group, of said first and second ink dis- 

charging nozzles, which is to be used to color 
pixels of corresponding colors on said transpar- 
ent substrate; and 

causing each of said ink-jet heads to discharge 
15 an ink while scanning said ink-jet head in the 

X-axis direction, and coloring all the pixels by 
scanning said ink-jet head once or a plurality of 
numbers of times in the X-axis direction. 

20 10. The method apparatus according to claim 9, where- 
in said control means performs control to perform a 
pre-discharging operation before said plurality of 
ink-jet heads color pixels of corresponding colors 
on the substrate. 

25 

11. The method according to claim 9, wherein said con- 
trol means performs control to cause only a nozzle 
group, of said first and second ink discharging noz- 
zle groups of each of said plurality of ink-jet heads, 
30 which is to be used to color pixels of corresponding 
colors on the substrate to perform a pre-discharging 
operation immediately before the pixels are color- 
ed. 

35 12. The method according to claim 9, wherein said con- 
trol means selectively performs control to cause on- 
ly a nozzle group, of said first and second ink dis- 
charging nozzle groups of each of said plurality of 
ink-jet heads, which is to be used to color pixels of 

40 corresponding colors on the substrate to perform a 
pre-discharging operation immediately before the 
pixels are colored, or to cause all nozzle groups in- 
cluding a nozzle group which is not used for a color- 
ing operation to perform a pre-discharging opera- 

45 tion immediately before the pixels are colored. 

13. A color filter manufactured by forming and arrang- 
ing many pixels colored in the same color on a sub- 
strate in an X-axis direction as one direction, and 
50 forming and arranging pixels such that pixels adja- 
cent to each other in a Y-axis direction perpendicu- 
lar to the X-axis direction are colored in different 
colors, 

55 wherein said color filter is manufactured by us- 

ing a plurality of ink-jet heads for different 
colors, each having a plurality of ink discharg- 
ing nozzles arranged in the Y-axis direction, 
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each ink-jet head having a first ink discharging 
nozzle group, in which a pitch of said plurality 
of ink discharging nozzles in the Y-axis direc- 
tion is set to be equal to a pitch of the pixels of 
the same color in the Y-axis direction, and a 5 
second ink discharging nozzle group having a 
nozzle pitch set to be equal to the pixel pitch in 
the Y-axis direction like said first ink discharging 
nozzle group, moving means for moving the rel- 
ative positions of said plurality of ink-jet heads io 
and the substrate, and control means for con- 
trolling an operation of said moving means and 
ink discharging operations of said plurality of 
ink-jet heads, and 

causing each of said ink-jet heads to discharge *5 
an ink while scanning said ink-jet head in the 
X-axis direction, and coloring all the pixels by 
scanning said ink-jet head once or a plurality of 
numbers of times in the X-axis direction. 

20 

14. A display device using a color filter manufactured 
by forming and arranging many pixels colored in the 
same color on a substrate in an X-axis direction as 
one direction, and periodically forming and arrang- 
ing pixels such that pixels adjacent to each other in 25 
a Y-axis direction perpendicular to the X-axis direc- 
tion are colored in different colors, integrally com- 
prising: 

a color filter manufactured by using a plurality 30 
of ink-jet heads for different colors, each having 
a plurality of ink discharging nozzles arranged 
in the Y-axis direction, each ink-jet head having 
a first ink discharging nozzle group, in which a 
pitch of said plurality of ink discharging nozzles 35 
in the Y-axis direction is set to be equal to a 
pitch of the pixels of the same color in the Y- 
axis direction, and a second ink discharging 
nozzle group having a nozzle pitch set to be 
equal to the pixel pitch in the Y-axis direction 40 
like said first ink discharging nozzle group, 
moving means for moving the relative positions 
of said plurality of ink-jet heads and the sub- 
strate, and control means for controlling an op- 
eration of said moving means and ink discharg- 45 
ing operations of said plurality of ink-jet heads, 
and causing each of said ink-jet heads to dis- 
charge an ink while scanning said ink-jet head 
in the X-axis direction, and coloring all the pix- 
els by scanning said ink-jet head once or a pi u- 50 
rality of numbers of times in the X-axis direc- 
tion; and 

light amount changing means for changing a 
light amount. 55 

15. An apparatus including a display device using a 
color filter manufactured by forming and arranging 



many pixels colored in the same color on a sub- 
strate in an X-axis direction as one direction, and 
periodically forming and arranging pixels such that 
pixels adjacent to each other in a Y-axis direction 
perpendicular to the X-axis direction are colored in 
different colors, integrally comprising: 

a display device integrally having a color filter 
manufactured by using a plurality of ink-jet 
heads for different colors, each having a plural- 
ity of ink discharging nozzles arranged in the Y- 
axis direction, each ink-jet head having a first 
ink discharging nozzle group, in which a pitch 
of said plurality of ink discharging nozzles in the 
Y-axis direction is set to be equal to a pitch of 
the pixels of the same color in the Y-axis direc- 
tion, and a second ink discharging nozzle group 
having a nozzle pitch set to be equal to the pixel 
pitch in the Y-axis direction like said first ink dis- 
charging nozzle group, moving means for mov- 
ing the relative positions of said plurality of ink- 
jet heads and the substrate, and control means 
for controlling an operation of said moving 
means and ink discharging operations of said 
plurality of ink-jet heads, and causing each of 
said ink-jet heads to discharge an ink while 
scanning said ink-jet head in the X-axis direc- 
tion, and coloring all the pixels by scanning said 
ink-jet head once or a plurality of numbers of 
times in the X-axis direction, and light amount 
changing means for changing a light amount; 
and 

image signal supply means for supplying an im- 
age signal to said display device. 

16. An ink-jet apparatus for coloring a coloring medium 
by using a first ink discharging nozzle group, and a 
second ink discharging nozzle group capable of dis- 
charging an ink in place of said first ink discharging 
nozzle, comprising 

control means for causing only said first ink 
discharging nozzle group to perform a pre-dis- 
charging operation before the coloring medium is 
colored by said first ink discharging nozzle group, 
and causing both said first and second ink discharg- 
ing nozzle groups to perform a pre-discharging op- 
eration at a frequency lower than that of a pre-dis- 
charging operation performed by said first ink dis- 
charging nozzle group. 

17. A manufacturing apparatus for a color filter manu- 
factured by forming and arranging a plurality of. 
colored pixels on a substrate, comprising: 

an ink-jet head having a plurality of ink dis- 
charging nozzles; 

moving means for moving relative positions of 
said ink-jet head and the substrate; and 
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control means for controlling an operation of 
said moving means and an ink discharging op- 
eration of said ink-jet head, 
wherein when said ink-jet head is to be scanned 
a plurality of numbers of times so as to color 
the substrate, said control means controls an 
ink discharging operation such that ink dis- 
charging nozzles which have been used in a 
previous scanning operation are always used 
entirely or partly in a succeeding scanning op- 
eration. 

18. The apparatus according to claim 17, wherein said 
ink-jet head is a head for discharging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

19. The apparatus according to claim 17, wherein said 
control means performs control to perform a pre- 
discharging operation before said ink-jet head 
starts to color pixels of corresponding colors on the 
transparent substrate. 

20. A manufacturing apparatus for a color filter manu- 
factured by forming and arranging a plurality of 
colored pixels on a substrate, comprising: 

a plurality of ink-jet heads for different colors, 
each having a plurality of ink discharging noz- 
zles; 

moving means for moving relative positions of 
said plurality of ink-jet heads and the substrate; 
and 

control means for controlling an operation of 
said moving means and ink discharging opera- 
tions of said ink-jet head, 
wherein when said plurality of ink-jet heads are 
to be scanned a plurality of numbers of times 
so as to color an entire area of the substrate, 
said control means controls an ink discharging 
operation such that ink discharging nozzles 
which have been used in a previous scanning 
operation are always used entirely or partly in 
a succeeding scanning operation. 

21. The apparatus according to claim 20, wherein said 
ink-jet head is a head for discharging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

22. The apparatus according to claim 20, wherein said 
control means performs control to perform a pre- 
discharging operation before each of said ink-jet 
heads starts to color pixels of corresponding colors 
on the substrate. 

23. A manufacturing apparatus for a color filter manu- 
factured by forming and arranging many pixels 



colored in the same color on a substrate in an X- 
axis direction as one direction, and periodically 
forming and arranging pixels such that pixels adja- 
cent to each other in a Y-axis direction perpendicu- 
s lar to the X-axis direction are colored in different 
colors, comprising: 

a plurality of ink : jet heads for different colors, 
each having a plurality of ink discharging noz- 
10 zles arranged in the Y-axis direction; 

moving means for moving relative positions of 
said plurality of ink-jet heads and the substrate; 
and 

control means for controlling an operation of 
is said moving means and ink discharging opera- 

tions of said ink-jet head, 
wherein when said plurality of ink-jet heads are 
to be scanned a plurality of numbers of times 
so as to color an entire area of the substrate, 
20 said control means controls an ink discharging 

operation such that ink discharging nozzles 
which have been used in a previous scanning 
operation are always used entirely or partly in 
a succeeding scanning operation. 

25 

24. The apparatus according to claim 23, wherein said 
ink-jet head is a head for discharging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

30 

25. The apparatus according to claim 23, wherein said 
control means performs control to perform a pre- 
discharging operation before each of said ink-jet 
heads starts to color pixels of corresponding colors 

35 on the substrate. 

26. A manufacturing apparatus for a color filter manu- 
factured by forming and arranging many pixels 
colored in the same color on a substrate in an X- 

40 axis direction as one direction, and forming and ar- 
ranging pixels such that pixels adjacent to each oth- 
er in a Y-axis direction perpendicular to the X-axis 
direction are colored in different colors, comprising: 

45 a plurality of ink-jet heads for different colors, 

each having a plurality of ink discharging noz- 
zles arranged in the Y-axis direction, said ink 
discharging nozzles being arranged at a pitch 
in the Y-axis direction which is equal to a pitch 

50 of pixels of the same color in the Y-axis direc- 

tion; 

moving means for moving relative positions of 
said plurality of ink-jet heads and the substrate; 
and 

55 control means for controlling an operation of 

said moving means and ink discharging opera- 
tions of said ink-jet head, 
wherein when said plurality of ink-jet heads are 
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to be scanned a plurality of numbers of times 
so as to color an entire area of the substrate, 
said control means controls an ink discharging 
operation such that ink discharging nozzles 
which have been used in a previous scanning 
operation are always used entirely or partly in 
a succeeding scanning operation. 

27. The apparatus according to claim 26, wherein said 
ink-jet head is a head for d ischarging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

28. The apparatus according to claim 26, wherein said 
control means performs control to perform a pre- 
discharging operation before each of said ink-jet 
heads starts to color pixels of corresponding colors 
on the substrate. 

29. A method of manufacturing a color filter by arrang- 
ing a plurality of colored pixels on a substrate by 
controlling relative positions of an ink-jet head hav- 
ing a plurality of ink discharging nozzles and the 
substrate, and discharging an ink from said ink-jet 
head onto the substrate, comprising 

in coloring an entire area of the substrate by 
scanning said ink-jet head a plurality of numbers of 
times, performing an ink discharging operation such 
that ink discharging nozzles which have been used 
in a previous scanning operation are always used 
entirely or partly in a succeeding scanning opera- 
tion. 

30. The method according to claim 29, wherein said ink- 
jet head is a head for discharging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

31 . The method according to claim 29, wherein said 
control means performs control to perform a pre- 
discharging operation before said ink-jet head 
starts to color pixels of corresponding colors on the 
substrate. 

32. A color filter manufactured by forming and arrang- 
ing a plurality of colored pixels on a substrate, 

wherein said color filter is manufactured by us- 
ing an ink-jet head having a plurality of ink dis- 
charging nozzles, moving means for moving 
relative positions of said ink-jet head and the 
substrate, and control means for controlling an 
operation of said moving means and an ink dis- 
charging operation of said ink-jet head, and 
performing an ink discharging operation such 
that ink discharging nozzles which have been 
used in a previous scanning operation are al- 
ways used entirely or partly in a succeeding 



scanning operation, in coloring an entire area 
of the substrate by scanning said ink-jet head 
a plurality of numbers of times. 

s 33. A display device using a color filter manufactured 
by forming and arranging a plurality of colored pix- 
els on a substrate, integrally comprising: 

a color filter is manufactured by using an ink-jet 
10 head having a plurality of ink discharging noz- 

zles, moving means for moving relative posi- 
tions of said ink-jet head and the substrate, and 
control means for controlling an operation of 
said moving means and an ink discharging op- 
15 e rat ion of said ink-jet head, and performing an 

ink discharging operation such that ink dis- 
charging nozzles which have been used in a 
previous scanning operation are always used 
entirely or partly in a succeeding scanning op- 
20 eratbn, in coloring an entire area of the sub- 

strate by scanning said ink-jet head a plurality 
of numbers of times; and 
light amount changing means for changing a 
light amount. 

25 

34. An apparatus including a display device using a 
color filter manufactured by forming and arranging 
a plurality of colored pixels on a substrate, compris- 
ing: 

30 

a display device integrally having a color filter 
is manufactured by using an ink-jet head having 
a plurality of ink discharging nozzles, moving 
means for moving relative positions of sakJ ink- 

35 jet head and the substrate, and control means 

for controlling an operation of said moving 
means and an ink discharging operation of said 
ink-jet head, and performing an ink discharging 
operation such that ink discharging nozzles 

40 which have been used in a previous scanning 

operation are always used entirely or partly in 
a succeeding scanning operation, in coloring 
an entire area of the substrate by scanning said 
ink-jet head a plurality of numbers of times, and 

45 light amount changing means for changing a 

light amount; and 

image signal output means for outputting an im- 
age signal to said display device. 

50 35. a manufacturing apparatus for a color filter manu- 
factured by forming and arranging many colored 
pixels on a substrate, comprising: 

ink discharging means having a plurality of ink 
55 discharging nozzles; 

moving means for moving relative positions of 
said ink discharging means and the substrate; 
and 
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control means for controlling an operation of 
said moving means and an ink discharging op- 
eration of said ink discharging means, 
wherein when said ink discharging means is to 
be scanned a plurality of numbers of times to 
color the substrate, said control means controls 
such that the numbers of nozzles used for 
coloring in the respective scanning operations 
become substantially equal to each other. 

36. The apparatus according to claim 35, wherein said 
ink discharging means is a head for discharging an 
ink by using heat energy, said head having a heat 
energy generator for generating heat energy ap- 
plied to the ink. 

37. The apparatus according to claim 36, wherein a vol- 
ume of the discharged ink is controlled by changing 
a driving pulse applied to said heat energy genera- 
tor. 

38. A manufacturing apparatus for a color filter manu- 
factured by forming and arranging many colored 
pixels on a substrate, comprising: 

a plurality of ink discharging means for different 
colors, each having a plurality of ink discharg- 
ing nozzles; 

moving means for moving relative positions of 
said plurality of ink discharging means and the 
substrate; and 

control means for controlling an operation of 
said moving means and ink discharging opera- 
tions of said plurality of ink discharging means, 
wherein when said plurality of ink discharging 
means are to be scanned a plurality of numbers 
of times to color an entire area of the substrate, 
said control means controls such that the num- 
bers of nozzles used for coloring in the respec- 
tive scanning operations become substantially 
equal to each other. 

39. The apparatus according to claim 38, wherein each 
of said ink discharging means is a head for dis- 
charging an ink by using heat energy, said head 
having a heat energy generator for generating heat 
energy applied to the ink. 

40. The apparatus according to claim 39, wherein a vol- 
ume of the discharged ink is controlled by changing 
a driving pulse applied to said heat energy genera- 
tor. 

41. A manufacturing apparatus for a color filter manu- 
factured by forming and arranging many pixels 
colored in the same color on a substrate in an X- 
axis direction as one direction, and forming and ar- 
ranging pixels such that pixels adjacent to each oth- 
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er in a Y-axis direction perpendicular to the X-axis 
direction are colored in different colors, comprising: 

a plurality of ink discharging means for different 
colors, each having a plurality of ink discharg- 
ing nozzles arranged in the Y-axis direction; 
moving means for moving relative positions of 
said plurality of ink discharging means and the 
substrate; and 

control means for controlling an operation of 
said moving means and ink discharging opera- 
tions of said plurality of ink discharging means, 
wherein when said plurality of ink discharging 
means are to be scanned a plurality of numbers 
of times to color an entire area of the substrate, 
said control means controls such that the num- 
bers of nozzles used for coloring in the respec- 
tive scanning operations become substantially 
equal to each other. 

42. The apparatus according to claim 41 , wherein each 
of said ink discharging means is a head for dis- 
charging an ink by using heat energy, said head 
having a heat energy generator for generating heat 
energy applied to the ink. 

43. The apparatus according to claim 42, wherein a vol- 
ume of the discharged ink is controlled by changing 
a driving pulse applied to said heat energy genera- 
tor. 

44. A manufacturing apparatus for a color filter manu- 
factured by forming and arranging many pixels 
colored in the same color on a substrate in an X- 
axis direction as one direction, and forming and ar- 
ranging pixels such that pixels adjacent to each oth- 
er in a Y-axis direction perpendicular to the X-axis 
direction are colored in different colors, comprising: 

a plurality of ink discharging means for different 
colors, each having a plurality of ink discharg- 
ing nozzles arranged in the Y-axis direction, 
said ink discharging means having nozzle ar- 
rays in which at least a pitch of said plurality of 
ink discharging nozzles in the Y-axis direction 
is set to be equal to a pitch of pixels of the same 
color in the Y-axis direction; 
moving means for moving relative positions of 
said plurality of ink discharging means and the 
substrate; and 

control means for controlling an operation of 
said moving means and ink discharging opera- 
tions of said plurality of ink discharging means, 
wherein when said plurality of ink discharging 
means are to be scanned a plurality of numbers 
of times to color an entire area of the substrate, 
said control means controls such that the num- 
bers of nozzles used for coloring in the respec- 
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tive scanning operations become substantially 
equal to each other. 

45. The apparatus according to claim 44, wherein each 
of said ink discharging means is a head for dis- 
charging an ink by using heat energy, said head 
having a heat energy generator for generating heat 
energy applied to the ink. 

46. The apparatus according to claim 44, wherein a vol- 
ume of the discharged ink is controlled by changing 
a driving pulse applied to said heat energy genera- 
tor. 

47. A manufacturing method for a color filter manufac- 
tured by forming and arranging many colored pixels 
on a substrate, comprising 

in coloring an entire area of the substrate by 
performing a scanning operation of moving relative 
positions of an ink discharging means having a plu- 
rality of ink discharging nozzles and the substrate a 
plurality of numbers of times, performing a coloring 
operation such that the numbers of nozzles used 
for coloring in the respective scanning operations 
become substantially equal to each other. 

48. A color filter manufactured by forming and arrang- 
ing many colored pixels on a substrate, 

wherein when an entire area of the substrate 
is to be colored by performing a scanning operation 
of moving relative positions of an ink discharging 
means having a plurality of ink discharging nozzles 
and the substrate a plurality of numbers of times, a 
coloring operation is performed such that the num- 
bers of nozzles used for coloring in the respective 
scanning operations become substantially equal to 
each other. 

49. A display device using a color filter manufactured 
by forming and arranging many colored pixels on a 
substrate, integrally comprising: 

a color filter manufactured by performing a 
coloring operation such that the numbers of 
nozzles used for coloring in the respective 
scanning operations become substantially 
equal to each other when an entire area of the 
substrate is to be colored by performing a scan- 
ning operation of moving relative positions of 
an ink discharging means having a plurality of 
ink discharging nozzles and the substrate a plu- 
rality of numbers of times; and 
light amount changing means for changing a 
light amount. 

50. An apparatus including a display device using a 
color filter manufactured by forming and arranging 
many colored pixels on a substrate, comprising: 



a display device integrally having a color filter 
manufactured by performing a coloring opera- 
tion such that the numbers of nozzles used for 
coloring in the respective scanning operations 

5 become substantially equal to each other when 

an entire area of the substrate is to be colored 
by performing a scanning operation of moving 
relative positions of an ink discharging means 
having a plurality of ink discharging nozzles and 

io the substrate a plurality of numbers of times, 

and light amount changing means for changing 
a light amount; and 

image signal output means for outputting an im- 
age signal to said display device. 

15 

51. A color filter manufacturing method of dividing all 
ink discharging nozzles of an ink-jet head having 
the plurality of ink discharging nozzles into a plural- 
ity of nozzle groups each including a predetermined 
20 number of nozzles, discharging an ink upon switch- 
ing said plurality of nozzle groups as needed, and 
coloring each pixel of a color filter, comprising: 

the switching step of switching said plurality of 
25 nozzle groups; and 

the compensation step of compensating for a 
positional offset between a nozzle group to be 
used and each pixel. 

30 52. The method according to claim 51, wherein the 
switching step comprises the step of detecting or 
estimating a discharge failure in a currently used 
nozzle group, and the step of switching said plurality 
of nozzle groups on the basis of the detection or 

35 estimation result. 

53. The method according to claim 51, wherein the 
switching step comprises the detection step of de- 
tecting temperatures of said plurality of nozzle 

40 groups, and the step of switching said plurality of 
nozzle groups on the basis of the detection result in 
the detection step. 

54. The method according to claim 51, wherein said ink- 
45 jet head is a head for discharging an ink by using 

heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

55. A color filter manufacturing apparatus for dividing 
so all ink discharging nozzles of an ink-jet head having 

the plurality of ink discharging nozzles into a plural- 
ity of nozzle groups each including a predetermined 
number of nozzles, discharging an ink upon switch- 
ing said plurality of nozzle groups as needed, and 
55 coloring each pixel of a color filter, comprising: 

switching means for switching said plurality of 
nozzle groups; 
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control means for controlling a switching oper- 
ation of said switching means; and 
compensation means for, when said nozzle 
groups are switched by said switching means, 
compensating for a positional offset between 5 
said nozzle group to be used and each pixel. 

56. The apparatus according to claim 55, wherein said 
control means detects or estimates a discharge fail- 
ure in a currently used nozzle group, and switches 10 
said plurality of nozzle groups on the basis of the 
detection or estimation result. 

57. The method according to claim 55, wherein said 
control means detects temperatures of said plurality * 5 
of nozzle groups, and switches said plurality of noz- 
zle groups on the basis of the detection result. 

58. The apparatus according to claim 55, wherein said 
ink-jet head is a head for discharging an ink by using 20 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 
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